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ABSTRACT 

This  thesis  expands  the  concept  of  Coe  pa ter- Aided 
Design/Coeputer- Aided  Manuf acturing  (CAD/CAM)  in  naval  ship¬ 
building  to  include  aaintenance.  This  inclusion  is  coupled 
with  the  integration  of  the  dasign  and  aanufacturing 
processes  in  the  acronya  CIDMM,  which  stands  for 

Coaputer-Integrated  Design,  Manufacture  and  Maintenance. 

A  aethodology  is  proposed  to  identify  and  neasure  the 
tangible  and  intangible  benefits  derived  from  CAD/CAM  in 
naval  shipbuilding.  The  aethodology  is  flexible  enouqh  to 
be  applied  to  future  CIDHH  systeas.  A  decision-aid  for 
assessing  the  intangible  benefits  and  a  structure  for 
coaputing  the  tiae  benefits  are  proposed  in  the  aethodology. 
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I.  IBTBODUCTIOH 


This  thesis  presents  a  methodology  to  analyze  the 
benefits  derived  from  present  Computer-Aided 
Design/Computer- Aided  Manufacturing  (CAD/CAM)  Systems  or 
from  future  Computer  Integrated  Design,  Manufacture  and 
Maintenance  (CIDflH)  Systems.  It  was  developed  in  response 
to  a  requirement  to  document  the  actual  benefits  derived 
from  the  Interim  CAD/CAH  Systems  being  used  at  the  eight 
0.S.  naval  shipyards.  The  methodology  provides  a  vehicle  to 
measure  the  tangible  benefits  such  as  time,  material  and 
manpower  savings  and  the  intangible  benefits  such  as 
quality,  worker  satisfaction  and  readiness.  The  underlying 
motivation  for  examining  this  technology  is  the  interest  in 
improving  productivity  where  possible.  We  will  begin  by 
examining  productivity  in  the  United  States. 

1.  PBODOCTIVITT  II  fBB  O.S. 

Productivity  and  productivity  maasurement  are  topics  of 
great  concern  in  the  O.S.  today.  Former  Deputy  Secretary  of 
Defense,  Paul  W.  Thayer,  states:  [Eef.  1:  pp.  3] 


"Improving  productivity  is  on9  of  the  most  formidable 
challenges  facing  America  and  the  Defense  Department 
today.  It  affects  our  economic  well-being  and  cur 
national  security.  After  a  rude  awakening  in  the  interna¬ 
tional  marketplace,  we  can  no  longer  be  complacent  about 
the  continued,  productiye.  superiority  of  the  United  States. 
Today  our  technological  leadership  is  challenged  across  a 
broad  range  of  processes  and  products. 


America  still 
work  force  in  the 
of  output  per  wor 
recently  there  has 
of  productivity  gr 
special  interest  i 
it  affects  develo 
weapon  systems  to 


has  the  most  highly  skilled  and  talented 
world,  and  we  maintain  the  highest  level 
ker  of  any  country  in  the  world.  But 
been  a  disturbing  decline  in  the  rate 
owth.  The  Department  of  Defense  has  a 
n  reversing  that  trend,  particularly  as 
ping  and  building  complex  sophisticated 
meet  national  security  objectives. 


With  expanding  coaaitaents  bat  liaited  resources.  the 
Defense  Departaent  eust  iaprove  productivity  to  sustain  a 
strong  deterrent  force  and  aamtain  a  high  degree  of 
readiness. " 

Clearly,  iaproving  productivity  in  DOD  is  iaportant.  One  of 
the  areas  hardest  hit  by  this  productivity  decline,  and  an 
area  with  substantial  iapact  on  sustaining  a  "strong  deter** 
rent  force"  and  aaintaining  a  "high  degree  of  readiness"  is 
shipbuilding  and  repair.  It  is  estiaated  that  "productivity 
in  the  best  Japanese  and  Scandinavian  yards  is  of  the  order 
of  100  percent  better  than  in  good  o.s.  or  O.K.  shipyards" 
[Ref.  2].  Although  this  stateaent  refers  to  aerchant  and 
not  naval  construction,  a  2:1  edge  in  productivity  is  indi- 
cative  cf  the  O.S.  shipyards  lack  of  use  of  the 
state-of-the-art  technology . 

B.  PRODUCTIVITY  II  O.S.  RAfAL  SHIPB0I1DIHG 

Exaaining  O.S.  naval  shipbuilding  and  repair  cannot 
really  be  done  separately  froa  general  shipbuilding  and 
repair  as  the  two  are  closely  related.  "A  low  level  of  lavy 
orders  in  the  past  was  noraally  offset  by  a  high  level  of 
coaaercial  orders  and  vice  versa"  [Ref.  3:  pp.  12].  The 

currect  econoaic  cliaate  and  foreign  coapetition  has  reduced 
coaaercial  orders  to  a  point  where  naval  ship  construction 
and  repair  will  predominate  for  soae  tine.  This  predoai- 
nance  creates  productivity  probleas  for  the  shipbuilders  who 
have  to  shift  to  a  very  different  type  of  construction. 
While  the  fundaaental  naval  architecture  and  aarine  engi¬ 
neering  principles  are  the  sane,  the  coaplexity  of  design 
and  construction  of  naval  ships  is  significantly  greater 
both  frca  a  technical  and  adainistra tive  viewpoint. 

A  Naval  Ship  is  a  totally  integrated  weapon  systea  where 
space,  weight  and  survivability  are  carefully  balanced 
factors.  A  coaaercial  ship,  on  the  other  hand,  has  large 
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voluaes  of  space,  saall  crews,  and  generally  simpler  eguip- 
aent.  administratively  the  Navy  requires  auch  more  exten¬ 
sive  contracts,  work  aonitoring  and  custoaer  approval  than 
do  coaaercial  buyers.  This  Beans  that  Navy  ships  are  much 
aore  expensive  and  tiae-consuaing  to  build  than  coaaercial 
craft. 

The  existence  of  government-owned  shipyards  further 
conpounds  the  problea  of  having  to  build  ships  for  the  Navy 
which  are  aore  expensive  and  tiae-consuaing.  Hhile 
governaent-cwned  shipyards  deal  only  with  repair,  they  draw 
supplies,  equipaent  and  personnel  froa  the  same  sources  as 
the  private  yards.  The  coapetition  for  resources  between 
the  govern  sent- owned  shipyards  and  the  private  yards 
•  increases  the  cost  of  naval  construction. 

The  decline  in  the  shipbuilding  industry  that  is 
currently  being  felt  has  caused  skilled  workers  to  seek 
eaployaent  in  other  fields.  There  has  also  been  a  decline 
in  the  industrial  support  base  of  vendors  who  provide  ship¬ 
builders  with  systeas  and  coaponents.  These  systeas  and 
coaponents  account  for  aore  than  5 OX  of  a  Naval  vessel* s 
cost,  and  in  aany  cases  are  currently  coaing  froa  a  single 
source.  In  this  case  the  lack  of  coapetition  froa  suppliers 
of  critical  coaponents  increases  the  cost  of  naval 
construction. 

This  reduction  in  industrial  capacity  coaes  at  a  partic¬ 
ularly  inopportune  tiae  as  the  Navy  undertakes  a  significant 
shipbuilding  prograa  (see  Table  I)  [Bef.  3:  pp.  IS].  The 
Navy  plans  to  authorize  construction  of  133  ships  between 
1983  and  1987  (coapare  this  to  the  76  ships  ordered  from 
1977  to  1981).  Considering  the  current  state  of  the  ship¬ 
building  industry,  this  order  is  going  to  create  soae 
probleas.  Project  this  new  construction  into  the  fleet  a 
few  years— the  govern aent- owned  shipyards  are  going  to  have 
a  problea  in  the  repair  and  overhaul  of  all  these  ships.  It 
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TABLE  I 

Proposed  Five-Tear  Kami  Shipbuilding  Plan 


HEW  CONSTRUCTION 
Strategic  Shins 

Trident  Fleet  Ballistic  Hissile  Subaarin* 
Huclear  Aircraft  Carrier  (C?N) 

Unclear  Attack  Subearine  (SSN-688) 

Guided  Hissile  Cruiser  (CG-47) 

Guided  Hissile  Destroyer  (DDGX) 

Huclear  Guided  Hissile  Cruiser  (CGN-4  2) 
Destroyer  (DD-963) 


HOHBER  PERCENT 


Total 


1U  Slksis 

landing  Ship  Doc 
Aaphltious  Assau 


Guided  Hissile  Frigate  (FFG-7‘ 
Bine  Co untersea sores  Ship  (HC 


Bine  Countersea sores  Ship  (HCH) 
Coastal  Mine  Sweeper  Ship  (HSH-1) 
Destroyer  Tender  (AD) 

Fleet  Oiler  (TAO) 

Ocean  Surveillance  Ship  (AGOS) 
lanunition  Ship  (AE) 

Cable  Laying  and  Repair  Ship  (TARC) 
Salvage  Ship  (ARS) 

Fast  Coefcat  Support  Ship  (AOE) 


Total  83 


Aircraft  carrier  (Cf  Slep) 

Battleship  (BB)  ,  (React) 

Ocean  Survey  Snip  (T AGS)  (Conv) 

Range  Instruaentatios  Ship  (TAGH)  (Conv) 
Hospital  Ship  (TAHX)  (C)  TAcg) 

Fast  Logistics  Support  Ship  (TAKRX) 

FBH  Resupply  Ship  (TAK)  (FB H)  (C) 


Total  16 


SOOBCE1 — 0TS7"PdPAff  'DdggfiSS7*T982r~7IggdiIj 
Report  on  the  Status  of  Shipbuilding  and  Ship  Repaid 
Industry  of  the  United  States,  fiashington,  D. c. 

Table  1-6. 


was  these  types  of  problems  that  caused  the  industry  to 
begin  looking  for  cheaper*  faster  and  less  labor-intensive 
nays  to  build  high-guality  ships.  The  technology  that  seems 
to  offer  the  most  potential  to  do  those  things  is  CAD/C AH. 

C.  COBBEBT  TECHNOLOGY  6  SBZPB0ILDII6 

CAD/CAN  is  not  nev  to  the  shipyards.  The  next  chapter 
Hill  detail  its  history*  but  as  a  preview  relevant  to  this 
discussion*  CAD/CAH  has  been  in  the  shipyards  about  10 
years.  U.S.  shipyard  use  of  CAD/CAH  in  the  aid-seventies 
consisted  primarily  cf  automated  two-dimensional  drafting 
and  numerical  control  ( NC)  of  machining  operations. 
Unfortunately  today*  ten  years  later*  CAD/CAH  use  in  the 
shipyards  is  still  at  about  that  same  level.  The  project 
manager  for  an  extensive  survey  of  CAD/CAH  development,  in 
shipbuilding  states  "at  the  present  stage  of  CAD/CAH  devel¬ 
opment  in  shipbuilding*  computerization  tends  to  be  waste- 
fully  fragmented.  The  design  department  might  have  a  CAD 
system*  production  a  system  for  analysis*  and  manufacturing 
some  NC  equipment.  Nobody *s  talking  to  anybody  else*  the 
computer  systems  don't  interact*  whereas  they  could  really 
benefit  from  passing  data  back  and  forth  via  something  like 
an  I6ES  (International  Graphics  Exchange  System)  translator" 
CHef.  4:  pp.  13].  The  commercial  shipyards  are  behind  in 
their  utilization  of  present  CAD/CAH  technology.  However* 
the  government- owned  shipyards  are  even  farther  behind. 
This  will  be  discussed  in  the  next  section. 

D.  U.S.  BANAL  SHZPTABDS  &  CUBBEHT  TECHNOLOGY 

The  Naval  shipyards  have  had  CAN*  comprised  of  numerical 
control  equipment*  for  some  time.  However*  only  recently 
has  any  CAD  capability  become  available.  The  Navy  yards 
were  able  to  acquire  the  Computervision  CADDS  4  Designer  7 


CAD/CAB  Systeas  with  the  stipulation  that  they  (the  ship¬ 
yards)  report  the  actual  benefits  derived  from  the  system  by 
Barch,  1984.  This  systea  is  referred  to  as  the  Interia 
CAD/C AH  Systea.  An  exaaple  of  a  typical  systea  configura¬ 
tion  is  shown  in  Figure  1.1. 

The  requireaent  to  docuaent  the  actual  benefits  derived 
froa  the  systea  is  part  of  the  aotivation  behind  this 
thesis.  Detailed  discussion  of  the  requireaent  and  the 
other  aotivations  are  in  Chapter  4.  Chapters  5  and  6  deal 
with  a  aethodology  designed  to  identify  and  analyze  the 
benefits  of  CAD/CAH  to  the  Havy.  A  aajor  drawback  to  that 
effort  is  the  short  period  of  tiaa  soae  of  the  shipyards 
have  had  the  systeas  and  the  predoainant  use  of  the  systeas 
for  design  and  drafting.  Although  cost-effective  in  those 
areas  alone,  the  systea  has  capabilities  for  integrating  CAD 
and  CAB  which  are  currently  not  being  used.  The  concept  of 
integrating  design,  aanufacture  and  aaintenance  activities 
froa  a  ccaaon  database  will  be  explored  in  Chapter  3. 
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1.  BACKGBOUID 

This  chapter  vill  provide  a  historical  perspective  of 
CAD/Clfl  and  coapater  technology,  highlighting  events  perti¬ 
nent  to  the  shipbuilding  industry.  This  is  not  aeant  as  an 
exhaustive  history  of  coaputer  technology  or  of  CAD/CAH.  It 
is  intended  as  background  for  the  reader,  in  order  for  him 
or  her  to  becoae  faailiar  vith  the  concepts  of  the  tech¬ 
nology  and  its  application  in  the  shipyard  environaent.  The 
history  is  traced  under  six  headings:  1)  Coaputer  tech¬ 
nology,  2)  Interactive  coaputer  graphics  (IACG)  ,  3) 
Huaerical  control  (HC),  4)  Coaputer -aided  design  (CAD)  ,  5) 
Coaputer-aided  lofting  (CAL)  and  6)  Computer-aided 
aanufacturing  (CAM) . 

B.  THE  FIB  ST  GEVEB1TIOH  OF  CAD/CAB 

In  ay  opinion,  the  first  generation  of  CAD/CAH  begins  in 
1801  when  the  Frenchaan  Jacquard  invented  the  first  auto- 
aated  aanufacturing  systea.  The  Jacquard  Looa  was  a  punched 
card  driven  device  that  autoaatically  controlled  the  weaving 
process.  This  was  a  forerunner  of  the  nuaerical  control 
process  using  punched  paper  or  aylar  tapes. 

In  1830  the  first  coaputer  was  invented  by  Babbage.  The 
tera  "coaputer"  had  not  been  coined  and  Babbage's  calcu¬ 
lating  aachine  was  called  an  "analytical  engine."  one 
hundred  years  later,  the  first  analog  coaputer  was  built  by 
Bush.  The  teapo  increased  in  coaputer  technology  with  the 
first  digital  coapater.  Colossus  I,  built  in  19  43.  Three 
years  later,  the  Oniversity  of  Pennsylvania  built  ENIAC ,  and 
five  years  after  that,  the  OHIYAC  I  was  built.  In  coaputer 


itao  tu«h  builds 

first  analog 
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Pigsrs  2.1  Tbs  First  Generation 


technology,  this  is  the  accepted  beginning  of  the  first 
generation.  I  hare  bached  the  beginning  up  to  include  the 
Jacguard  Loon  because  it  is  the  beginning  of  programed 
aanuf acturing  control.  This  generation  is  shewn  schemati¬ 
cally  in  Figure  2.1  5:  pp.  It]. 

The  first  generation  continued  through  the  early  50' s 
with  the  large  vacuan  tube  coaputers  being  used  for 
accounting  tasks.  This  was  the  first  introduction  of 
coaputers  into  the  shipbuilding  industry.  By  the  mid  50*s, 
many  shipyards  in  a  nuaber  of  countries  were  using  coaputers 
for  "calculations  for  hydrostatics,  stability  curves  and 
capacities"  [Hef.  5;  pp.  3].  The  first  change  in 
programmed  manufacturing  since  Jacquard  cane  in  1952,  when 
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Parson  and  BIT  developed  a  3  axis  numerical  control  machine 
using  pone had  cards.  It  would  be  two  years  before  NC 
sachine  tocls  ware  introduced  in  the  United  States. 
Progressing  these  aachines  was  dons  annually  in  the  basic 
sachine  language.  In  1959,  a  group  of  Scottish  shipbuilders 
formed  the  Clyde  Shipbuilders  Conputer  Group  to  develop 
conputer  applications  to  shipbulding.  This  was  the  first 
organized  effort  in  shipbuilding  to  utilize  the  burgeoning 
technology. 

This  is  where  I  nark  the  end  of  the  first  generation  of 
CAD/CAfi.  The  second  generation  begins  with  the  use  of  tran¬ 
sistors,  which  increased  the  coaputing  power  10-fold. 

C.  TBB  SBC  CIO  6B1BB1TI01  OP  CAO/CAB 

The  second  generation  of  CAD/CAB,  in  ay  opinion,  is 
coincident  with  the  accepted  second  generation  of  computer 
technology  and  is  narked  by  the  replacement  of  vacunn  tubes 
with  transistors,  circa  1964.  With  the  increase  in 
computing  power  it  would  be  only  two  years  until  Sutherland 
developed  "Sketchpad,"  the  first  interactive  computer 
graphics  system.  During  this  period,  the  Norwegians  devel¬ 
oped  BSSI  and  IBB  completed  ADAPT,  both  pioneering  systems 
in  CAB. 

The  ensuing  6  years  can  generally  be  described  by  the 
explosion  of  interactive  computer  graphics  and  a  flurry  of 
activity  in  the  search  for  new  applications.  One  such  area 
was  computer-aided  drafting,  and  with  drafting  cane 
computer-aided  design  (in  an  interactive  graphics  sense). 
8hat  should  be  apparent  is  the  lack  of  continuity  between 
numerical  control,  CAD,  and  CAB  development  (see  Figure  2.2) 
(Ref.  5:  pp.  4].  Each  area  was  developing  on  its  own.  NC 
proceeded  to  improve  and  be  more  widely  used  after  the 
creation  in  1964  of  APT,  a  higher  level  numerical  control 
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Figure  2.2  The  Second  Generation 

language.  Also,  about  that  tine,  another  application  vas 
found  in  the  shipyards,  the  generation  of  RC  data  through 
coaputer-aided  lofting  (CAL) .  CAL  involves  the  autoaated 
layout  of  plate  patterns  and  the  conversion  of  these  layouts 
to  flase-cutter  paths  described  nuaerically.  The  AUTOKON 
systea  vas  the  first  CAL  systea  and  vas  introduced  in  1965. 

D.  THE  THIHD  GERE RATIOS  OF  CAD/CAH 

It  is  difficult  to  establish  the  exact  tiaing  of  the 
third  generation  in  CAD/CAB.  If  ve  look  at  shipbuilding  it 
vould  appear  to  be  around  1968  vhen  tvo  significant 
coaputer-aided  design  systeas  vere  developed:  one  being 
CASDOS.  the  other  being  FORAN  (see  Figure  2.3) 
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Figaro  2.3  Tho  Third  Gonoration 

[Hof.  5:  pp.  4].  Tho  problea  arises  when  one  considers 
that  the  automotive  industry,  specifically  General  Hotors, 
had  been  secretly  involved  in  CAD  since  1959.  is  mentioned 
earlier,  the  aircraft  industry  was  also  involved  in  CAD/CAN 
with  their  developaent  of  both  HCADTO  by  HcDonnel  Douglas 
and  CADAH  by  Lockheed  during  the  late  50* s  and  early  60's. 
CASDOS  was  the  U.S.  Navy's  "Computer- Aided  structural 
Detailing  of  Ships"  program.  It  was  orginally  intended  to 
bring  together  CAD  and  NC.  It  was  stated  that  "the 
successful  culmination  of  this  projact  (CASDOS)  will  result 
in  a  means  for  producing  fully  detailed  working  plans  and 
numerical  control  programs  for  the  automatic  flame  cutting 
of  plates  directly  by  computer  using  contract  plans  and 
detailed  specifications  as  starting  input"  (Ref.  5:  pp.  6]. 
Unfortunately,  the  project  failed  due  to  "the  lack  of  an 


integrated  fairing  prograa  and  a  full;  developed  lofting  and 
HC  output  capability"  [Ref.  5:  pp.  6].  At  this  tine, 
however,  a  systea  was  developed  in  Spain  called  PORAN.  The 
fORAV  goal  was  to  provide  a  cad  systea  which  would  develop 
the  contract  and  detailed  design  data,  and  then  provide  the 
working  drawings  to  produce  the  ship.  Later  extensions  of 
PORAR  involved  CAL  and  CAR. 

Daring  this  generation  aini-coaputers  were  developed, 
networking  between  aini's  and  aainfraaes  grew,  and  CAD  and 
CAR  began  to  coae  together.  Characteristic  of  the  genera¬ 
tion  were  autoaated  nuaerical  control  tape  generation,  and 
CAD  with  on-line  engineering  analysis  and  real-tiae  simula¬ 
tion.  Currently  at  the  end  of  the  generation,  (around 
1983) ,  computer  technology  has  advanced  to  even  saaller  and 
faster  coaputers.  CAD/CAR  is  a  way  of  life  in  the  autoao- 
tive  and  aircraft  industries  and  is  well  established  over¬ 
seas  in  shipbuilding  with  PORAN,  BHITSHIP  2,  and  AOTOKON  79. 
Unfortunately,  0. s.  shipbuilding  failed  as  an  industry  to 
take  full  advantage  of  the  technology.  The  next  chapter 
will  define  ay  view  cf  the  next  generation  and  beyond  in 
CAD/C AH. 
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A.  XBTBGBATXOI  OP  DESXGB,  B1B0FACT0BXBG  110  BAIITEHAICE 

The  next  generation  in  C1D/C1B  is  beginning  nov.  The 
significant  difference  between  this  and  the  previous  genera¬ 
tion  is  not  due  to  hardware  breakthroughs  or  new  applica¬ 
tions,  but  is  due  to  an  attitude  change.  The  attitude  that 
is  changing  is  the  belief  by  those  using  the  technology, 
that  only  through  total  integration  of  CIO  and  cm  can  the 
real  potential  of  the  technology  be  realized.  Previously 
CIO  and  CAB  had  been  thought  of  as  separate  activities.  1 
nuaber  of  teras  have  been  coined  describing  this  integrated 
approach  to  design  and  aanufacture.  Coaputer-lided 
Engineering  (CAE)  and  Advanced  Integrated  CAD/CAH  are  two 
such  teras. 

X  would  like  to  go  one  step  further  in  the  conceptuali¬ 
zation  of  what  X  think  this  generation  holds  for  CAD/CAB  by 
adding  aaintenance  to  the  integrated  design  and  aanufac- 
turing  concept.  The  addition  of  aaintenance  considerations 
in  the  process  closes  the  loop  between  designer,  aanufac- 
turer  and  user.  The  tera  X  have  chosen  to  describe  this 
concept  is  both  sisple  and  syabolic — CIDHN;  computer 
Integrated  Design,  Hanufacture,  and  daintenasce.  It  is 
syabolic  in  the  reaoval  of  the  ”/"  between  CAD  and  CAB,  thus 
eaphatically  stating  there  cannot  be  any  barrier  between 
design  and  aanufacture.  The  characteristics  of  CXDBB  will 
be  described  in  teras  of  the  shipbuilding  industry  but 
applicability  to  other  industries  should  be  easy  to 
extrapolate. 

The  first  realization  that  aust  occur  is  that  "we  are  no 
longer  preparing  drawings,  we  are  building  the  prototype  in 


the  computer"  [Ref.  5:  pp.  19].  This  has,  in  ay  opinion, 
been  the  biggest  stusbling  block  to  the  successful  iaplemen- 
tation  of  CAD/CAS  in  the  shipbuilding  industry.  CIDMH  goes 
one  step  farther  and  rather  than  building  the  prototype,  ve 
are  building  each  individual  ship  in  the  coeputer.  I 
description  of  what  exactly  is  involved  in  CIDSH  is  in 
order.  Figure  3.1  shows  the  present  annual  approach  to  the 
creation  and  passing  of  the  engineering  and  administrative 
inforaation.  All  the  inforaaiion  is  passed  via  a  paper 
aediua,  which  is  bulky,  hard  to  revise  and  typically  out  of 
date.  The  repositories  handle  the  inforaation  via  aperture 
cards  and  aicrofila  on  a  systea  siailiar  to  one  the  Air 
Force  has  labled  "archaic"  (Ref.  6].  Figure  3.2  shows  the 
creation  and  passing  of  the  engineering  and  adninistrative 
inforaation  via  three  digital  data  bases.  These  digital 
data  bases  allow  alaost  real-tiae  transfer  of  inforaation 
providing  disseainaticn  of  the  aost  up-to-date  inforaation 
and  rapid  feedback  froa  the  fleet  user.  Incorporating 
changes  to  cr  transfering  inforaation  froa  a  digitized  data 
base  is  siaple  and  fast.  There  is  no  need  to  redraw  draw¬ 
ings  everytiae  a  change  is  aade  or  a  drawing  is  transferred. 
There  is  no  need  to  wait  years  for  changes  to  be  incorpo¬ 
rated  in  the  technical  docuaentation.  There  is  no  need  for 
the  repositories  to  keep  Billions  of  aperture  cards,  each 
representing  1  or  2  drawings  on  file.  A  single  10  inch 
video  disk  can  hold  approximately  6000  E  size  (36"  x  48") 
drawings  at  a  cost  of  about  $3.00. 

Future  ainiatur ization  in  laser  disk  technology  will 
provide  the  seaaan  on  the  ship  with  the  ability  to  take  a 
saall  video  disk  and  player  to  the  piece  of  aachinery  he  is 
working  on  and  view  his  entire  aaintenance  task,  (including 
troubleshooting,  disasseably,  repair  and  assembly)  at  the 
aaintenance  site.  An  additional  advantage  to  the  video  disk 
aediua  is  its  aabivalence  to  electromagnetic  interference. 
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This  could  be  quite  important  in  the  various  electromagnetic 
fields  found  aboard  naval  vessels. 

This  level  of  involvement  of  the  user  with  the  detailed 
figures  created  by  the  designer  is  a  fundamental  improvement 
from  today's  technology.  in  between  the  user  and  the 
designer  is  the  manufacturer.  The  existence  of  a  common 
engineering  data  base  (the  geometric  data  base  and  the 
material  data  base)  allows  the  direct  transfer  of  design 
data  to  the  manufacturer  on  the  shop  floor.  Diract  numer¬ 
ical  control  (DNC)  is  a  manufacturing  technique  currently  in 
use  in  the  aerospace  industry.  Direct  transfer  eliminates 
the  entire  step  of  interpreting  the  drawings  and  programming 
the  numerical  control  machine.  Direct  transfer  allows  all 
the  pieces  to  be  fabricated  from  the  design,  not  various 
intreprstations  of  it,  resulting  in  a  product  that  fits 
together  better.  In  shipbuilding,  the  bringing  of  subassem¬ 
blies  together  is  called  zone  construction.  "Ships  are 
built  in  chunks  around  the  yard.  These  modules  are  built 
completely  outfitted  and  ready  for  launch.  when  all  is 
ready  they  are  brought  together  swiftly  on  the  (ship) ways, 
welded  into  a  complete  ship  and  launched.  Not  only  is  time 
on  the  ways  greatly  reduced,  but  construction  is  consider¬ 
ably  simplified.  Crews  can  get  at  their  work  more  easily, 
there  is  more  space  for  manuvering  equipment  around  the 
isolated  modules,  more  bottlenecks  are  largely  eliminated 
and  delays  do  not  accumulate"  [Ref.  4s  pp.  14].  This  would 
be  impossible  if  all  the  pieces  to  "the  puzzle"  were  not 
created  from  a  common  engineering  data  base.  This  construc¬ 
tion  technique  was  pioneered  by  the  Norwegians  and  has  since 
been  successfully  adopted  by  the  Japanese.  Both  countries 
are  leaders  in  the  use  of  C1D/C&H  technology. 


B.  SHIPBDILDIHG,  Cl DBM,  AND  THE  7UTUBE 

Sc  far,  this  discussion  has  not  been  exceptionally  futu¬ 
ristic.  Most  of  the  concepts  are  inpleaentable  with  today*s 
technology.  With  soie  imagination  one  can  envision  complete 
design  and  manufacturing  systems  built  around  a  common  data 
base.  A  designer  would  sit  in  an  easy  chair  (perhaps  with  a 
head  mounted  cursor  control  mechanism)  and  select  from  a 
menu  the  type  of  ship  he  wanted  to  design.  Once  selection 
was  made,  a  generic  ship  of  the  type  selected  would  appear. 
Through  the  designers  inputs  of  size,  speed,  cost  and  other 
parameters  the  system  would  develop  the  design  automati¬ 
cally,  much  as  group  technology  and  generic  part  definition 
is  done  today.  The  system  should  have  the  ability  to 
interact  with  the  designer,  capitalizing  on  the  designer's 
imagination,  skill,  and  the  systems  ability  to  optimize  or 
automatically  design.  (This  type  of  symbiotic  mac-machine 
relationship  has  been  a  dream  for  many  years.  Advances  in 
artificial  intelligence  are  making  it  closer  to  being  a 
reality,  but,  unfortunately,  it  is  still  a  long  way  off.) 

Once  the  designer  is  satisfied  with  the  design,  a 
command  would  generate  the  detailed  information,  parts 
lists,  cost  estimation,  and  production  schedule.  Another 
command  would  transfer  the  design  to  an  automated  shipyard 
where  intelligent  robcts  would  select  the  raw  materials  and 
begin  machining  the  parts  from  the  production  schedule 
previously  generated.  As  the  parts  were  produced  they  would 
be  automatically  assembled.  These  assemblies  and  the  compo¬ 
nents  free  subcontractors  would  be  pieced  together  until  the 
final  ship  was  complete. 

While  the  construction  process  was  going  on,  the  same 
data  would  be  used  to  program  maintenance  "manuals”  in  the 
fora  of  video  disks  or  some  other  medium.  Automatic 
authoring,  a  concept  being  explored  today  by  the  Navy,  would 


provide  the  text,  while  the  detail  designs  would  provide  the 
"figures, "  figures  in  the  sense  of  3-dimensicnal  color 
graphic  images. 

It  appears  in  this  shipyard  of  the  future  that  the  huaan 
eleeent  has  been  reaeved.  Although  possible,  this  would  be 
a  treaendous  mistake.  The  huaan  element  should  be  reaoved 
from  the  aundane,  tiae-consuaing ,  or  dangerous  tasks  where  a 
robot  could  perfora  them  better,  and  placed  in  those  posi¬ 
tions  where  huaans  will  always  be  needed,  positions  that 
reguire  thought,  judgeaent,  and  intuition. 

The  0. S.  is  a  leader  in  computer  technology.  However, 
the  country  has  fallen  behind  in  its  industrial  application 
of  that  technology,  especially  in  the  shipbuilding  industry. 
The  O.s.  Navy  as  the  predoainant  customer  of  U.S.  ship- 
balding  is  in  a  unique  position  to  influence  its  direction 
and  growth.  By  pursuing  the  CIDNH  concept,  the  Navy  can  not 
only  iaprove  itself  but  can  improve  this  country's  produc¬ 
tivity  and  the  technological  edge  that  will  guarantee  the 
lifestyle  enjoyed  in  this  country  today. 
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A.  OfZBfXBR 

A  historical  background  and  fataristic  projection  of  the 
CIDHH  technology  has  been  presented  in  the  previous  chap¬ 
ters.  X  hope  the  case  has  been  eade  for  the  Navy  becoaing  a 
leader  in  this  technology.  Accomplishing  this  will  reguire 
a  very  large  investment  in  manpower  and  capital  resources. 
Fart  of  this  investaent  has  already  been  aade  with  the 
procurement  of  the  interim  CAD  equipment  currently  in  place 
at  the  eight  Naval  Shipyards.  Along  with  the  authorization 
[Ref.  7:  pp.  2]  to  begin  investigating  the  technology  as  it 
applies  to  the  shipyards,  was  a  requirement  of  the  Naval  Sea 
Systems  command  to: 

"submit  an  evaluation  shoving  the  actual  observed  produc¬ 
tivity  increase  attributable  to  CAD/CAH. ,  This  report  wilx 
serve  to  verify  the  economic  analysis  in  the  SDP  and  to 
provide  a  basis  for  projections  for  the  long  range  plan.” 

This  requirement,  combined  with  the  requirements  of  SECNAV 
Instruction  7000. 14B  which  calls  for  economic  analysis  on 
major  programs  (part  of  which  should  consist  of  benefit 
analysis)  [Ref.  8],  and  the  lack  of  existing  benefit  anal¬ 
ysis  methodologies  in  the  field  is  the  motivation  for  the 
remainder  of  this  thesis.  Existing  methodologies  will  be 
discussed  followed  by  the  development  of  a  new  methodology, 
"the  Grahlman  methodology."  The  Srahlman  methodology  will 
draw  from  the  existing  methodologies'  strengths,  be  appli¬ 
cable  to  Interim  CAO/CAH  Systems  installed  at  the  shipyards, 
and,  more  importantly,  will  be  extendable  to  the  CIDHH 
concept  discussed  in  the  first  portion  of  this  thesis. 


B.  EXXSTII6  BBIXFXT  AIALYSXS  B2TB0D0L06XES 

Previous  benefit  analysis  has  been  priaarily  United  to 
CAD  systess.  Most  of  the  sethods  currently  published 
attenpt  to  quantify  the  tangible  benefits,  usually  nan-hour 
savings,  cospare  those  (converted  to  dollar  savings)  to  the 
costs  of  the  systes,  resulting  in  a  sort  of  net  gain  assess- 
sent.  A  negative  net  gain  indicates  a  loss.  The  intangible 
benefits,  such  as  isprovesents  in  drawing  quality  or  design 
innovation,  are  given  a  cursory  discussion  and  then  ignored, 
resulting  in  a  "worst  case"  type  of  analysis.  Four  aethods 
will  be  reviewed.  Two  deal  with  purely  tangible  benefits 
and  two  atteapt  to  aeasure  CAD  productivity  wholely  through 
subjective  analytical  techniques. 

In  reviewing  another's  work,  it  sust  be  kept  in  nind 
that  the  reviewer's  perspective  is  considerably  different 
than  that  of  the  author.  The  reviewer  also  does  not  share 
the  luxury  of  detailed  derivation  to  aid  comprehension. 
Generally  he  sust  extract  the  essence  of  a  piece  of  work  as 
it  applies  to  his  use,  which  seldon  does  the  original  work 
justice.  With  that  caveat  in  Bind,  we  will  proceed. 

1.  Chasen* s  Method  (as  applied  b.y  Long  Beach  fi.s.) 

Sylvan  Chasen* s  aethodology  for  deteraining  "the 
break-even  point  fcr  interactive  graphics  cost  savings 
versus  the  cost  of  capital  equipaent  and  labor  charges"  was 
used  by  the  Long  Beach  Naval  Shipyard  to  justify  acquiring 
additional  CAD/CAH  equipaent  [Ref.  9]  under  the  Coaputer 
Aided  Engineering  and  Docuaentation  Systea  (CAED3S)  contract 
no.  00 123- 31- R-  0456  •  The  aethodology  was  extracted  froa 
Chasen's  paper  "Foraulation  of  Systea  Cost  Effectiveness" 
[Ref.  10:  pp*  263].  This  discussion  will  use  the  aodel  as 
presented  in  the  paper. 
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The  eodel  is 


C.R.  a  K  +  HI  -  H2  _  Rm  +  Rc 
H3Rm  H3Rm  H3  ”  Rm 


(eqn  4.1) 


where 

C.R.*Ccst  reduction  in  dollars, 

H1*Han-hours  for  any  defined  task,  set  of  tasks,  or 
project  pricr  to  introduction  of  CAD/CAH, 

H2»Han-hours  on  the  sane  basis  as  HI  except  that  they 
are  the  hours  unaffected  by  CAD/CAH.  H2  is  a 
subset  of  HI, 

H3*Han-)iours  spent  at  the  CAD/£AH  console  to  produce 
the  saae  mount  of  work  previously  done  m  (H1-H2) 
hours, 

Ra«Average  nan-hour  rate  (console  user)  in  dollars/ 
hour, 

Rc*Ccnsole  rate  in  d cllars/hour,  and 

K*E?tinated  dollar, savings  attributable  to  the  non- 
direct  (intangible)  benefits. 

Long  Beach  H.S.  chose  to  use  the  eodel  in  a  vorst 
case  scenario  by  giving  no  credit  to  intangible  benefits 
(K)  .  This  approach  has  aerit  in  that  measuring  or  even 
esti eating  the  intangible  benefits  of  CAD/CAH  in  teres  of 
aan-hour  savings  or  dollar  savings  can  be  very  difficult. 
These  benefits  and  their  associated  problems  will  be 
discussed  later.  However,  note  that  by  giving  no  credit  to 
the  intangible  benefits,  i.e.,  setting  K»0,  an  additive  term 
is  dropped  froe  the  equation,  resulting  in  the  aost  conser¬ 
vative  estimate  of  savings.  If  the  cost  reduction  (C.B.)  is 
also  set  to  zero  (the  threshold  level)  (Bef.  10:  pp.  268] 
the  only  reaaining  teres  are  the  productivity  ratio  (P.R.) 
defined  by  CH1-H2]/H3  and  the  "eaxiaue"  productivity  ratio 
(Reax)  defined  by  [Ra*Rc]/Re,  which  are  equal  at  the  break¬ 
even  point.  This  establishes  a  cost  effectiveness  criteria. 


For  the  CAD/C AH  systen  to  be  cost  effective  P.R.  east  exceed 
Bnax. 

Significant  in  Chasen's  discussion  on  productivity 
[Bef.  10:  pp.  261]  is  his  H1-H2  tera  that  appears  to  be  the 
first  explicit  correction  of  the  cannon  practice  in  CAD/CAH 
productivity  neasurenent  of  sinply  talcing  the  difference  in 
the  tine  required  to  do  a  task  aanually  and  the  tine 
required  to  do  the  task  with  CAD/CAH.  This  direct  compar¬ 
ison  of  total  task,  set  of  tasks,  or  project  times  is  in 
error  because  it  includes  adninistrative  time  not  influenced 
by  CAD/CAH,  which,  if  included  in  the  difference  calcula¬ 
tion,  would  result  in  erroneously  lower  productivity  ratios. 

Only  two  topics  are  not  adequately  addressed  with 
the  method— the  first  being  how  the  nan-hours  HI  and  92 
should  be  determined.  Is  HI  to  be  dnternined  by  historical 
records?  Is  it  to  be  estinated?  Is  H2  measured,  and  if  so, 
how?  Task  analysis  techniques  exist  which  could  accurately 
deternine  these  but  are  costly  in  terns  of  tine  and  noney. 
The  second  topic  not  adequately  discussed  is  the  notion  of 
operator  skill  level  on  the  systen.  Chasen  admits  the 
productivity  ratio  (P.B.)  "is  dependent  on  such  things  as 
the  skill  level  and  quality  of  work  and  the  characteristics 
of  the  CAD/CAH  systen"  (Bef.  io:  pp.  262].  Implicit  are 
the  assumptions  that  all  the  operators  are  at  100r  effi¬ 
ciency,  or  that  the  nan-hours  spent  at  the  console  produce 
the  sane  amount  of  work.  The  variable  (B3)  represents  sone 
constant  average  of  user  skill  levels,  and  is  the  sane  as 
the  skill  level  of  those  engaged  in  doing  the  task  prior  to 
CAD/CAH.  In  the  lcng  run  this  say  be  true,  but  when  cne 
considers  the  nornal  technological  life  of  nost  computer 
systens  of  about  8  yrs  (Bef.  11:  pp.  C.2-5],  this  long-run 
argunent  falls  short. 


2.  SiLai  6  Iifiis  3gt^o4 


B.  Shah  and  G.  Yan  presented  a  paper 

[Bsf.  12:  pp.  16]  at  the  15th  Design  intonation  Conference 
which  preposed  a  simple  nethod  of  assessing  the  net  gain 
achieved  froa  CiDDS1  in  a  drafting  office  environment. 
Their  nethod  nses  the  simple  relationship: 

Benefits  (B)  -  Costs  (C)  3  Net  Gain  (G) 

Benefits  are  further  subdivided  bp  subscript  into  drawing 
"types." 

Their  benefit  nod9l  is: 


(eqn  4.2) 


with 


(eqn  4.3) 


*CADDS  is  defined  in  this  paper  to  be  commercially 
available.  stand  alcne,  multiple -station  computer-aided 
design  and  drafting  systems. 


which  coabine  to  yield 


Bfj  ::  [n-wH]  •  fj*A‘ 


K¥) 


-1 


(eqn  4.4) 


where 

Br,  "The  tine  benefit  (sawings)  in  nan-hours  of  a  CAT.  i 
1  drawing, 

H;  "Average  nusber  of  CAT.  i  drawings  produc ed/period, 

S*«.  "Average  ean -hours  required  for  drafting  a  CAT.  i 
»  drawing  annually,* 

S«.  "Average  ean-hours  required  for  a  CAT.  i  drawing 
*•  using  C ADDS , 3 

E"CADDS  user  efficiency  factor,  (0SES1) 
n»Hunber  of  work  stations, 
w«Huwber  of  shift  hours/period, 

H"Single  shift  hours /period, 
fj  "Fraction  of  CADD  alloted  to  CAT.  i  drawings,  ar.d 
A«CADDS  systea  availability. 

First,  consider  the  way  Shah  and  Tan  deal  with  the 
question  of  "tasks  not  affected  by  CAD/CAH."  In  the  deriva¬ 
tion  (Bef.  12:  pp.  21]  Shah  and  Tan  include  two  teras, 

which  represent  the  average  nan-hours  needed  for  planning, 
preparation  approval,  issue,  and  distribution  of  Category  i 
drawings  produced  on  CADDS  or  annual  nethods  respectively. 
They  conclude  that  "based  on  our  experience,  activities  like 
planning,  preparation,  approval,  issue  and  distribution  take 
siailar  nan-power  effort  whether  the  task  is  done  nanually 
or  using  CADDS."  This  allows  then  to  equate  the  two  terns, 
and,  because  of  their  algebraic  relationship,  drop  then  froa 


includes  extracting  data  for  wiring  lists,  etc., 
applicable. 


where 


th9  equation.  The  result  is  a  comparison  only  of  tasks 
"affected  by  CADDS,"  similiar  to  Chasen's  comparison. 

This  model  is  also  "worst  case,"  in  that  intangible 
benefits  are  ignored.  Shah  and  Tan  do  include  an  efficiency 
term  (E)  that  adjusts  the  man-hours  expended  by  a  user  that 
may  be  new  to  the  system  and  hence  not  as  productive  as  he 
could  be,  to  that  cf  someone  who  is  considered  to  be  100% 
efficient.  A  vendor  should  be  able  to  provide  accurate 
learning  curves  on  a  given  system  for  determination  of  this 
term. 

3.  CREDOS  Productivity  Measurement  Method 

The  next  method  differs  significantly  from  the 
previous  two  in  that  it  deals  with  productivity  in  a  subjec¬ 
tive,  instead  of  quantitative,  way.  The  method  was 
presented  in  a  tentative  work  plan  [Ref.  13]  for  the  CAEOOS 
productivity  study  tc  be  conducted  by  a  private  consulting 
firm  under  contract  tc  the  Navy.  The  "productivity  measure¬ 
ment  plan"  details  a  measure  of  productivity  (MP)  that 
consists  of  a  weighted  sum  of  productivity  factors: 

& 

Mp*£wrpR|  (eqn  4.5) 

where 

PR: “Improvement  in  productivity  due  to  a  particular 
factor  i  cf  computer-aided  engineering, 

fl;  "Weighting  of  factor  i*s  impact  on  productivity,  and 
M»Total  number  of  productivity  factors. 


Tha  productivity  factors  identified  in  the  CAEDOS  study 
include: 


1  OH  Q 

2  Heproducibility 

3  Skill  Revels 

4  Conaunication 


5 

6 


I 


Configuration  a gat. 

fost  t  value  of 
nforaation 


7) 

8 

9 

10 


11) 

12 


Qualify 
Autoaization 
Oocuaentation 
Iaproved  project  S 
resource  aanageaent 
Reduction  of  uncertainly 
Ability  to  spot 
unsuccessful  projects  early 


A  aeasure  of  cost  (HC)  is  then  deterained  by  sunning 
the  costs  in  obtaining  certain  features  (factors): 


M 

MC  .£c,  (eqn  4*6) 

i«l 


These  two  terns  are  then  conbined  in  a 
productivity/cost  ratio  (PCR)  : 


PCR  * 


MP 

MC 


(egn  4.7) 


The  strength  of  the  proposed  aeasure  lies  in  its 
siaplicity.  The  aeasure  of  productivity  (HP)  is  easy  to 
explain  and  represents  a  "ccnnon  sense"  approach  to  the 
problea  of  productivity  aeasureaent;  however,  this  technique 
is  better  suited  for  aeasureaent  of  conpletely  non- 
quantifiable  entities,  such  as  "the  value  of  learning" 
because  of  the  difficulties  in  defining  a  universally 
accepted  aeasure  of  value.  fiith  a  weighted  sun  aodel,  a 
aeasure  of  value  is  deterained  by  a  weighted  average  of 
soaeone's,  or  soae  group's  subjective  assesnent  of  value. 
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A  aajor  weakness  of  the  aodel  as  it  applies  to 
Department  of  the  Navy  Productivity  Measurement  is  the 
completely  subjective  measurement  of  factor  1,  time.  SECNAV 
Instruction  7000. 14B  clearly  states  "output  measures 
(benefits)  shall  be  expressed  quantitatively  whenever 
possible",  [Hef.  8:  pp.  10].  Time  savings  represent  a 

major  factor  in  this  type  of  productivity  analysis  [Hef.  13] 
and  should  be  measured  quantitatively  instead  of 
subjectively. 

The  model  has  analytical  problems.  The  measures  are 
too  subjective  for  meaningful  analysis.  Subjective  terms 
should  have  some  sort  of  sensitivity  analysis  performed  on 
them  to  determine  if  they  are  unfairly  forcing  a  particular 
outcome.  Also  note  that  in  the  aodel  subjective  weights  are 
multiplied  by  subjective  productivity  factors.  This 

multiplicity  further  confounds  the  sensitivity  analysis.  To 
be  adequately  analyzed,  the  reaction  of  the  model  to  all 
possible  ranges  cf  both  factors  should  be  examined. 

The  aodel  has  data  collection  problems.  For 

example,  to  reduce  the  subjectivity  in  "skill  levels,"  you 
would  have  to  test  all  the  engineers  on  their  professional 
skills  before  they  used  the  CAD/C&M  system,  then  retest  them 
after  use.  The  difference  would  be  a  measure  of  their 
improved  skill  level.  This  assumes  the  engineers  have  not 
used  CAD/CAM  before,  which  is  unlikely,  and  further  assumes 
the  administration  of  a  representative  skill  level  test, 
which  may  not  be  feasible. 

Additional  data  collection  problems  occur  with  the 
measurement  of  cost  (HC) .  Each  Ci  represents  a  cost  of 
obtaining  the  productivity  of  the  ith  factor.  Is  this  to 

mean  that  out  of  the  toted  system  cost  one  has  to  carve  the 
cost  of  those  system  components  that  make  the  factor 
possible?  As  an  example,  consider  the  factor  automization 
that  represents  the  system's  ability  to  automate  certain 
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design  practices  like  rules  checking.  A  designer ,  through 
his  experience  and  education,  knows  certain  basic  design 
rules.  The  computer  system  can  be  programmed  to  check  a 
design  against  these  rules  and  £lag  any  discrepancies.  The 
cost  associated  with  this  ability  should,  by  implication  of 
the  model,  be  the  cost  of  the  software  that  provided  the 
rules  checking  ability.  The  question  that  now  arises  is  "do 
we  include  the  cost  of  the  hardware  needed  to  provide  the 
ability"?  What  if  a  specific  piece  of  hardware  provides  two 
capabilities?  should  it  be  counted  twice?  It  is  not 
completely  clear  what  the  measurement  of  cost  really  is. 

fly  final  point  on  this  model  is  how  easily  it  could 
be  abused.  Any  competent  analyst  could  support  or  refute 
almost  anv  position  with  this  model  by  manipulation  of  the 
weights,  measures  of  productivity,  and  measures  of  cost. 
There  is  no  auditable  data  source,  only  a  group  of  people's 
opinions  that  determine  if  a  system  is  productive,  and  by 
how  much. 

4.  Packer  aj\d  Kahn's  Method 

The  final  methodology  reviewed  probably  represents 
the  "state-cf-the-art"  in  CAD  productivity  measurement.  It 
was  developed  as  part  of  a  two  year,  multi-firm  productivity 
study  which  is  still  in  progress  at  H.I.T.  under  the  direc¬ 
tion  of  Dr.  Michael  Packer.  Their  motivation  for  developing 
the  method  was  the  lack  of  work  in  the  area.  In  a  paper  at 
the  N.C.G.A.  Conference,  '82  [Bef.  14:  pp.  1],  Dr.  Packer 
and  Adina  Guartzman  charged  "the  present  state-of-the-art  in 
evaluation  of  the  productivity  or  effectiveness  of  CAD 
systems  is  abysmal."  The  three  previously  reviewed  methods 
represent  the  only  published  work  in  the  field  discovered  in 
my  research  and  tend  to  support  Packer  and  Guartzman's 
charge. 
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The  M.  I.T.  study  has  two  separate  facets:  the  meas¬ 
urement  cf  tangible  benefits  and  the  measurement  of  intan¬ 
gible  and  collateral  benefits.  Packer  builds  a  case  against 
coaparing  actual  CAD  tiae  with  estiaated  CAD  tines 
[Ref.  15:  pp.  52-54].  I  disagree  with  his  statement 
[Ref.  16:  pp.  2]  that  coaparing  actual  CAD  tines  with  esti¬ 
aated  CAD  tiaes  is  " useless , "  however.  Bach  situation  must 
be  considered  individually.  In  the  Naval  Shipyards  case , 
there  siaply  is  not  tiae  to  collect  the  data  and  analyze  it 
using  Packer  and  Kahn's  method  before  the  Harch  1984  dead¬ 
line.  The  other  and  most  important  point  is  "what  is  the 
analysis  being  used  for?"  For  acguistion  decisions,  appro¬ 
priate  estimates  are  adequate. 


The  N.I.T.  study  is  collecting  data  on  "project 
cycle  tiae"  and  "changes  in  the  project"  other  than  customer 
requests.  The  data  is  being  collected  on  all  jobs,  CAD  or 
aanual,  with  the  intent  of  developing  a  large  enough  data 
base  to  sake  statistical  coaparisons.  They  hope  to  generate 
descriptive  statistics  on: 


— Project  cycle  ti 
—Job  drafting/des 


— Nuaber  of  c 
—Job  descrip 
coaplezity. 


g/design 
fianges  by 


xng/ae 

cfiang 

iption 


tiae 

source  and  reason 


ion  par|  set ers 
in no vativen ess. 


(sub  j 
etc.  f 


active  descriptors  like 


The  next  phase  of  th9  analysis  involves  stepwise 
regression  and  analysis  of  variance  to  determine  the  rela¬ 
tive  effects  of  a  number  of  variables  on  actual  and  esti¬ 
aated  job  coapletion  tiaes  (the  independent  variables  are 
job  description  paraaeters)  .  The  same  techniques  will  also 
be  used  to  loot:  at  CAD  useage  and  job  parameters  on  project 
cycle  tiae,  CAD  useage  and  job  parameters  on  the  nuaber  of 
errors  and  changes  requested,  and  last,  a  determiniation  of 
the  distribution  of  the  tiae  of  the  drafting  and  design 
effort  per  project. 
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The  intangible  and  collateral  benefits  are  measured 
by  analysis  of  a  detailed  questionaire  designed  to  break  the 
broad,  vague  concepts  such  as  flexibility,  into  detailed 
specific  criteria  of  organizational  effectiveness. 
Hierarchical  clustering  is  used  to  organize  the  guesticns 
into  groups.  See  Table  II  [Bef.  16:  pp.  4]  for  sample 

questions  and  groupings. 

Alpha  in  Table  II  is  the  Cronbach  measure  of  reli¬ 
ability.  It  is  used  to  estimate  Nthe  reliability  of  empir¬ 
ical  measurements  obtained  in  one  administration  of  a 
measurement  instrument  (questionaire)"  (Bef.  17:  pp.  57]. 
Thus,  alpha  represents  a  measure  of  the  internal  consistency 
of  the  questions  in  the  group.  "General  guidelines  for 
values  of  alpha  in  empirical  research  are  that  alpha»0.6  is 
adequate  (to  establish  a  group)  in  exploratory  analysis,  and 
that  alpha*0.8  is  preferred  for  applied  vork" 
[Bef.  17:  pp.  158].  As  shovn  by  the  Table  II  alpha  statis¬ 
tics,  three  of  the  five  groups  meet  the  0.6  criteria  to 
establish  a  group.  Beta,  in  Table  II,  is  the  coefficient  of 
generalizability  (Bef.  18:  pp.  17]  and  is  defined  as  the 

ratio  cf  population  variance  to  the  variance  of  the  group. 
It  expresses  how  veil  the  group  is  likely  to  place  indi¬ 
vidual  questions  relative  to  all  other  questions.  Since  the 
variance  of  the  group  vill  always  be  less  than  the  variance 
of  the  population,  beta  vill  be  between  0  and  1.  The  higher 
beta,  the  acre  general  the  questions  in  a  group. 

The  groups  in  Table  II  were  formed  by  simultaneously 
maximizing  Alpha  and  Beta.  Haxiaum  loading  on  a  cluster 
means  that  a  specific  question  had  a  maximum  correlation 
between  it  and  its  corresponding  group.  Each  question  is 
scored  between  1  (very  difficult)  and  7  (very  easy) . 
Questions  were  worded  so  that  higher  scores  corresponded  to 
higher  levels  of  effectiveness  (Bef.  17:  pp.  46].  The  mean 
scores  of  each  questicn  in  a  group  are  averaged  to  provide  a 


TiBLE  II 

Variables  in  Ordar  of  Their  Greatest  cluster  Loading 


GROUP  Is  32I&14,  Feedback*  Resource^  For  wo^k 

Own  aorale  is  high  pa.  e  a  . 

Good  feedback  froa  supervisors  and  co-workers 
Encouraged  to  learn  new  skills 
Group* s  aorale  is  good 
Do  work  that  you  do  best 
Feel  a  part  of  work  group 

Given  chance  to  develop  own  special  abilities 
Often  try  out  new  net  hods 
•Can  easily  tell  whether  doing  good  work 
Often  experiaent  with  changes 
Easy  for  supervisors  to  evaluate  work 
Know  the  guality  of  work  expected  of  you 
Often  get  advice  froa  people  within  work  group 
Have  right  aaount  of  equipaent  to  do  job 
Often, get  advice  froa  people  outside  work  group 
Training  is  adequate 


Group  2:  Challenges  ilpha*0.70  Beta*0.«6 

Of tensolvf  tough  probleas 
Host  work  is  challenging  rather  than  routine 
Large  aaount  of  skill  required  to  do  job 
work  rarely  requires  repetitive  tasks 


Hanging  rather  than  roui 
skill  required  to  do  job 
ires  repetitive  tasks 


Group  3:  Changes  ilpha*0.68  Beta*0.62 

Ofter  do  work  requiring  revisions 
Easy  to  rediaension  to  change  tolerances 
Rarely  get ,  distracted 
Easy  to  switch  froa  one  job  to  another 
Easy  to  work  on  season*  else's  drawing 


Group  4:  Btapped  a£,  £§e  Results 


llpha*0. 56  Beta*0.51 


♦Have  auch  freedca  of  choice  ip  how  to  get  job  done 
Often  find  ayself  "wrapped  up  in  work" 

Often  find  ayself  "racing  along  in  work" 

Easy  for  ae  to  see  results  of  ay  work 


Group  5 


5:  Teaawork  ilpha*0.44  Beta»0.3i 

(Group  physically, isolated  froa  other  workers) 
.(negative  correlation) 

Often  work  on  seasons  else's  drawing 
Barely  work  according  to  rules 
Often  work  as  part  of  a  teaa 


teaa 


*  Variable  did  not  have  aaxiaua 
loading  on  this  cluster 

flasat  is  as  v&Sh  £14  aai  coabine  wiik  iRI  Cluster: 

Rarely  slowed  down  by  delays  not  under  ay  control 
Often  get  together  with  co-workers  to  do  a  better  job 
Personally  responsible  for  quality  of  group's  work 
iork  station  has  convenient  layout 
Often  lay  out  a  jcb  different  ways 


COMPANY  E  Qi  FACTOR  GROUP  SCORES 
(groups  suggested  by  8  “factor  solution  ) 

FI  "  own  oreativity  " 

F2  11  group  functioning" 

F3  "pace  ,  concentration" 

F  4  "flexibility" 

F6  "  information  ,  resources  " 

FI 


factors  5,7,8  not  used  to  construct  clustered  factor 
groups  because  of  low  reliability  due  to  bipolar  (*,-) 
Interitem  correlations. 

CAD  n*8  MANUAL  ns 6 


Figure  4.1  Perceptual  Bap 
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point  estiaate  for  the  group.  These  are  plotted  cn  a 
"perceptual  aap"  resulting  in  the  pentagon-like  Figure  4.1. 
The  center  is  the  origin  and  each  group  score  is  plotted  out 
fros  the  center  along  its  respective  radial.  The  further 
out  the  radial#  the  sore  effective  the  systea.  The  inter¬ 
connection  of  the  pcints  gives  the  pentagon  shape#  and 
provides  a  way  of  distinguishing  the  annual  pcints  (dashed 
line)  froa  the  CAD  pcints  (solid  line). 

The  advantages  of  this  perceptual  sapping  technique 

are: 

1.  The  systea  can  be  used  to  aonitor  perforaance  over 
tiae. 

2.  Abstract  concepts  are  aade  explicit. 

3.  Perceptions,  about  the.  organization  by  different 
groups  vitals  the  organization  can  be  coopered. 

There  are  three  aajor  drawbacks  to  the  perceptual 
aap  for  inforaation  presentation.  The  first  involves  the 
interconnectivity  previously  discussed.  The  interconnection 
of  the  radials  iaplies  soae  connection  between  adjacent 
radials  when  in  fact  none  exists.  The  second  involves  acst 
people's  subconscious  preference  for  aesthetically  pleasing 
geoaetric  shapes.  This  preference  introduces  an  eleaent  of 
bias.  For  exaaple#  in  Figure  4.2  Factory  A  and  Factory  B 
have  identical  CAD  and  aanual  systea  perceptions#  however 
Factory  A  will  generally  be  perceived  as  doing  better  with 
CAD  because  of  the  acre  pentagon-like  shape. 

The  third  drawback  is  the  lack  of  indication  of  the 
accuracy  of  the  points  on  the  various  radials.  The  standard 
deviations  have  been  coaputed  [Ref.  17:  pp.  75]  and  should 
be  displayed  soaehow. 

A  better  presentation  of  the  data  night  be  through  a 
nulti-variate  box-plot  display  [Ref.  19:  pp.29].  A  better 

coapariscn  of  the  systeas  can  be  aade  froa  the  additional 
inforaation  presented.  Data  with  the  saae  aeans  and  stan¬ 
dard  deviations  as  that  contained  in  Figure  4.1  is  displayed 


44 


Factory 


Which  factory  is  doing 
'batter"  with  CAD  ? 


Factory 


Figure  4.2  Perceptual  Differences 

with  this  box-plot  aethod  in  Figure  4.3.  is  can  be  seen, 
the  relative  positions  of  the  interquartile  ranges  gives  an 
indication  of  whether  CAD  workers  or  annual  workers  are  aore 
"productive"  in  the  five  areas.  Nov  though,  the 
decision-saker  is  presented  with  infornation  about  the 
underlying  distribution  of  the  answers,  and  with  this  infor- 
nation  can  iaaediately  decide  whether  the  differences  are 
significant  for  the  decision  process.  This  is  not  to  argue 
that  t-tests  for  significance  should  be  discarded,  they  have 
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Figure  4.3  Systea  Coeparison 


their  place  in  the  analysis ,  but  to  point  out  that  the  goal 
is  to  produce  a  decision* aid  that  is  useful  to  decision 
aakers  in  coaparing  differing  systeas.  An  additional  advan¬ 
tage  to  this  data  representation  is  that  it  can  be  computed 
and  plotted  autoaatically.  An  ezaaple  of  a  FORTRAN  subrou¬ 
tine  used  to  create  siailiar  boz-plot  displays  can  be  found 
in  Scfteil  [  Ref.  19:  pp.  46]. 


V.  GBABLMAI* S  METHOD 


A.  HOTZTATZOI 

The  four  previously  discussed  aethodologies  have  their 
own  strengths  and  weaknesses  in  dealing  with  the  question  of 
"benefits"  derived  free,  or  relating  to,  the  use  of  CiC/CAH 
(CAD  in  eost  cases).  Chasen  [Ref.  10:  pp.  263]  identifies 
the  need  tc  coepare  only  "tasks  affected  by  CAD/CAH"  for 
productivity  seasuresent  but  fails  to  account  for  user  effi¬ 
ciency  on  the  systea.  Shah  G  Tan  [Ref.  12:  pp.  17]  deal 
with  the  efficiency  problea  and  provide  a  very  useable  aeth- 
odology  for  tangible  CAD  benefit  analysis.  Zn  1978  this  was 
farther  than  anyone  else  had  gone.  Unfortunately,  today  we 
need  a  aethodology  to  a  ensure  tangible  and  intangible 
benefits  of  CAD/CAR  and  of  the  next  generation  technology, 
CZDHH.  The  CAEDOS  study  [Bef.  13]  offers  a  aethod  to 
aeasure  the  intangibles  of  CAD/CAH  which  could  be  extended 
to  CZDHH,  but  which  has  sons  real  probleas  with  data  collec¬ 
tion  and  analysis.  Packer  and  Kahn  [Ref.  16:  pp.  2]  offer 
a  aethodology  that  aeasures  both  tangible  and  intangible 
benefits  of  present  CAD  technology.  This  aethod  would  be 
hard  to  extend  to  CZDHH  technology  because  of  the  tangible 
benefit  aeasureaents  requi resent  to  analyze  a  large  enough 
data  base  to  be  statistically  significant.  The  tine 
required  to  develop  that  data  base  could  probably  be  aeas- 
ured  in  decades.  The  intangible  benefit  aeasureaent  aethod, 
however,  does  appear  quite  useful  and  expandable.  Clearly, 
none  of  the  aethods  were  specifically  intended  for  shipyard 
analysis  and  hence  are  not  really  adequate.  What  is  needed 
is  a  aethodology  that  synthesizes  the  good  points  and  avoids 
the  pitfalls  of  the  aethods  discussed--a  aethodology 
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•pacifically  tailored  to  the  shipyard  environaent — such  a 
■athodology  is  proposed  here. 

A  good  source  of  inforaed  discussions  of  the  benefits  to 
he  derived  froa  a  CAD/CAM  systea  in  the  shipyard  environment 
is  the  reguests  shipyards  subait  to  the  Haval  Sea  Systeas 
Coaaand  (PHS-309)  fcr  interia  CAD/CAH  eguipaent.  These 
reguests  reguire  the  shipyards  to  justify  the  acquisition, 
and  usually  include  a  listing  of  the  benefits  they  hope  to 
enjoy  if  the  systea  is  obtained.  Study  of  these  and  related 
reguests  resulted  in  the  list  of  benefits  found  in  Table 
III.  Benefit  analysis  usually  involves  coaparison  of  soae 
new  systea  to  the  existing  systea  or  the  status  quo.  Table 
IT  lists  the  relevant  benefits  of  aaintaining  the  annual 
design,  drafting,  aanufacture  and  aaintenance  methods 
currently  in  use. 

In  developing  a  methodology  to  assess  the  benefits  of 
CIDdfl  as  they  apply  to  the  shipyards,  it  is  important  to 
keep  in  mind  the  purpcse  of  a  aethodology.  The  intended  use 
is  to  objectively  quantify,  vhere  possible,  the  relative 
tangible  and  intangible  benefits  between  the  existing  system 
and  a  new  technology.  Presently,  that  means  providing  a 
aethodology  to  analyze  the  Interia  CAD/CAH  Systeas  being 
installed  at  the  shipyards.  The  aethod,  however,  will  still 
be  extendable  to  analysis  of  the  next  generation  of  systeas 
described  by  the  acronya  CIDHH. 

Following  Packer,  the  aethodology  is  divided  into 
aultiple  parts.  The  first  part  addresses  the  tangible  or 
quantifiable  benefits  of  the  Interia  CAD/CAH  Systea.  The 
second  addresses  the  intangible  banefits  and  the  last  parr 
addresses  those  benefits  not  falling  easily  into  either  of 
the  above  categories.  A  foraal  delineation  of  the 
aethodology  is  presented  in  the  next  chapter. 
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TABLE  III 

Belevant  Benefits  of  cad/cab 


1.  Increased  productivity  (reduced  man-hours  to  accomplish 
task)  through  autoaatlon  of  repetitive  time-consuming  tasks. 

2.  Increased  productivity  through  the  ability  to  rapidly 
produce  a  design  from  existing  generic  element  designs. 

3.  I  ^reas^  productivity  through  the  ability  to  rapidly 

4.  Increased  productivity  through  automated  numerical  control 
(n.c.)  tape  or  APT  source  code  generation. 

5.  Increased  productivity  through  easier  access  to  archived 
drawings  (represented  digitally)  . 

6.  Increased  productivity  through  cosputer  generated  3-D 
modeling  for  installation  and  general  configuration  analysis 

7.  Bette?  quality  designs  through  improved  designer 
creativity  provided  by  the  man-machine  interface. 

8.  Better  quality  drawings,  less  errors,  more 
standardization. 


9.  Closer  to  optimal  layouts  (flat  pattern)  resulting 
in  reduced  waste  and  cutting  time. 

10.  Increased  productivity  resulting  from  a  rethinking  of 
the  way  elements  are  designed. 

Design,  manufacture  and  maintenance  will  marry,  resulting 
in  a  better  product  from  the  freer  transfer  of  knowledge. 


rough  mord  efficient  work  scheduling °and 
redundant  and/or  interfering  operations. 


11.  Increased  productivity  in  maintenance  areas 
overhaul)  through  more  effl 
reduction  < 


12.  Increased  productivity .through  automated  technical 
publication  and  other  documentation  authoring  and  updating. 

13.  Better  accuracy  in  element  fabrication  resulting 
in  reduced  assembly  time. 


14.  inc^e|sed  manpower  available  to  refine  and  improve  work 


15. 


16. 


Improved  communication  in  organization .resulting  from 
"everyone  working  on  the  same  plan"  which  also  results  m 
organization  cohesiveness. 


Establishment  of  a  common  engineering  data  base  for  use 
tSefrnf iietlmes  and  B&na9eaent  of  ships  over 


17.  Attracting  and  maintaining  quality  engineering 
personnel. 

18.  Better  handling  of  "crash"  lobs  and  manpower/workload 
fluctuations  (reduced  overtime  and  farm-out)  . 

19.  Potential  elimination  of  all  paper  representation  or  at 
least  reduced  space  required  for  drawing  storage. 

20.  Establish  the  organization  in  a  leadership  role  in  an 
emerging  technology. 


TiBLS  If 

Relevant  Benefits  of  The  Status  Quo 

1.  Bo  transitiou  to  a  new  systea  and  the  associated  probleas. 

2.  lo  bow  eguipaent  procureaent,  aaintenance  or  support  costs. 

3.  Known  costs. 

а.  So  chance  of  obsolescence  after  procureaent. 

5.  Large  nuabers  of  lob  types  (nuaarical  control  prograaaers, 
draft  seen,  etc.)  left  intact. 

б.  Systea  is  relatively  secure. 


B.  TiBGIBLE  BBISFXT  QOllTXPXCiTXOK 

The  desired  output  of  a  tangible  benefit  nodal  is  sone 
type  of  infor nation  the  decisicn  aaker  can  use  to  balance 
against  the  cost  of  the  decision.  nCostN  is  a  generic  tern, 
but  for  eost  decisions  in  which  econoeic  analysis  would 
apply#  It  is  taken  to  be  aonetary  in  nature  with  the 
accepted  yardstick  being  dollars.  The  problea  that  often 
arises  is  that  dollar  savings  cannot  be  aeasured  directly. 
However,  we  can  aeasure  the  tine  savings  gained  froa  a 
particular  alternative.  Two  exaaples  of  the  types  of  tine 
savings  gained  are  shown.  Figure  5.1  [Ref.  12:  pp.  17] 

shows  the  tiae  savings  froa  a  coapu  ter-  aided  drafting 
systea,  while  Figure  5.2  [Ref.  20:  pp.  31]  shows  the  tiae 

savings  free  coaputer-aided  NC  progressing.  Tiae  can  then 
be  utilized  as  the  coeaon  denoainator  in  the  benefit  quanti¬ 
fication.  This  tends  to  allow  for  easier  data  collection, 
and  the  calculation  of  the  tiae  savings  benefit  which  can  be 
converted  to  dollar  savings  by  the  appropriate  labor  rates. 

Re  have  seen  frea  Chasen  [Ref.  10]  and  Shah  [Ref.  12] 
that  the  savings  in  nan-hours  achieved  in  an  application 
area  for  any  given  period  can  be  represented  as  the  differ¬ 
ence  between  the  tiae  spent  accoaplishing  the  design  or 
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Figure  5.1  Tins  Flow  foe  Generating  in  Eleeentary  Design 
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manufacturing  project  manually  and  the  tine  spent  acccm- 
plisbing  the  sane  project  using  the  CAD/CAM  system.  A 
distinction  is  made  between  benefits  incurred  with  CAD  and 
those  incurred  with  CAM  even  though  there  are  application 
areas  both  have  in  ccanon.  For  example,  there  may  also  be 
design  and  drafting  requireaents  in  a  manufacturing  shop. 
This  separation  of  CAD  and  CAH  is  done  priaarily  to  reflect 
present-day  thinking  and  data  collection,  flith  the  creation 
of  a  single  digital  data  base,  CAD  and  CAH  oust  be  coabined 
if  the  true  potential  of  the  system  is  to  be  realized.  This 
rethinking  will  take  tine  as  old  barriers  are  broken  down 
and  better  working  relations  between  design,  manufacture, 
and  naintenance  operations  are  established.  Meanwhile,  in 
an  effort  to  sake  the  aodels  aore  accurate  to  the  present 
day,  the  separation  will  be  maintained. 

The  generic  framework  for  both  CAD  and  CAM  tine  savings 
is: 

TB*  M  -  S  <e<*n  5-1) 

where 

TB*Benefit  in  nan-hour  savings, 

H*Estinate  of  th?  nan-hours  required  to  accomplish 
the  project  using  manual  design  and  manufacturing 
techniques,  and 

S»Actual  man-hours  required  to  accomplish  the 
project  using  the  computer-aided  system. 

The  model  can  be  improved  by  the  addition  of  an  operator 
efficiency  correction  term  (Ref.  12],  if  learning  curve  data 
is  available: 

tb*m-(s-e)  5-2> 


where  the  new  tere,  £  is  the  fractional  efficiency  rating  of 
a  user  of  the  particular  CAD/CAH  systea.  An  example  of  why 
this  correction  is  important  involves  two  users  of  a  partic¬ 
ular  CAD/CAH  system.  Both  designers  are  experts  at  manual 
design  techniques.  Designer  A  has  only  had  six  months  of 
experience  on  the  CAD/CAH  system  and  is  considered  to 
operate  the  systea  at  50%  capacity.  Designer  B  has  had 
considerable  experience  on  the  CAD/CAH  system  and  is  consid¬ 
ered  to  operate  it  at  100%  of  its  capacity.  They  work  on 
two  separate  but  similar  projects  that  each  estimates  should 
take  eight  hours  to  complete  using  manual  design  techniques. 
Designer  A  finishes  his  project  on  the  CAD/CAH  system  in  six 
hours,  while  Designer  B  finishes  his  in  three  hours.  Proa 
equation  5,1  the  total  benefit  from  both  projects  attribu¬ 
table  to  the  CAD/CAH  system  is  seven  man-hours 
( (8-6)  ♦  (8- 3) *7)  •  This  yields  a  productivity  ratio  of  1.78:1 
for  the  CAD/CAH  systea.  Using  equation  5.2,  the  total 
benefit  is  ten  aan-hcurs  ((8- (.5x6)  )♦  (8-  (1x3))  =  10)  .  This 
yields  a  productivity  ratio  of  2.67:1.  Hhich  is  a  better 
estimate  of  the  productivity  gain  attributable  to  the 
CAD/CAH  systea?  The  second,  because  the  first  penalizes  the 
system  for  Designer  l*s  inexperience.  The  reason  for  the 
benefit  analysis  is  to  compare  systems,  manual  vs.  CAD/CAH, 
not  designers.  The  efficiency  correction  brings  all  users 
of  the  CAD/CAH  systea  to  an  expert  level,  which  is  fair 
since  the  comparison  is  to  an  estimate  based  on  an  expert 
user  of  the  manual  design  system.  An  example  of  the  data 
reduction  process  utilizing  the  efficiency  correction  is 
shown  in  Figure  5.3. 


Saaple  Data  Seduction  Scheie 


The  above  is  essentially  the  aodel  developed  by  R.  Shah 
and  G.  Tan  [Ref.  12]  for  2-dimensional  drafting  applica¬ 
tions.  The  model  has  been  generalized  to  apply  tc  several 
applications  relevant  to  CAD  or  CAH.  Unfortunately,  the 
aodels  still  give  a  conservative  estimate  of  benefit  by  only 
quantifying  the  tine  saved  in  the  design,  drafting  or  manu¬ 
facturing  processes.  Both  fail  to  capture  some  key  elements 
to  productivity  inherent  in  the  Interim  CAD/CAN  Systems. 

The  key  elements  of  productivity  associated  with  cad/cam 


on  the  Interim  System 


duce  **  bet  ter"  designs  through  the 
exploration  of  many  alternatives. 


2*  (toDraoikly  change  an  existing  design 

for  a  nev  application. 


3. 


PEKHh.  ^error^rate  and  the  ability  to 
correct  those  errors  that  do  occur. 


rapidly 


4. 


archiving  facilities 
nations  between  the 
mediums. 


y  transfer  designs  to  and  from 
This  includes  the  transfer- 
storage  medium  and  the  user 


5. 


6. 


drive  the 
process. 


ability  to  automatically  produce  numer- 
L  tapes  and/or  the  APT  source  code,  to 
numericallly  controlled  manufacturing 


fffl^f^SflSs  *Cal>ility  to  simulate  3-D  mock-ups  for 
.nstallation  and  general  configuration  analysis. 


Any  particular  prcject  done  on  the  Interim  System  vill 
have  one  or  more  of  these  elements.  If  we  keep  in  mind  that 
each  element  represents  a  subset  of  the  total  project,  then 
the  discussion  of  each  subset  and  its  guantif ication  vill  be 
easier  to  follow.  Each  element  will  be  discussed 
individually  with  the  necessary  modifications  to  the  generic 
benefit  model  following  the  discussion. 


The  first  eleaent  is  an  expression  of  quality.  The 
benefit  fron  the  eleaent  of  quality  is  aulti- faceted  and  can 
be  quantified  in  any  nuaber  of  functional  forns.  One 
possible  quantification  is  presented  here.  If  one  accepts 
the  assuaption  that  the  designer  will  select  the  best  design 
of  those  created  or  reviewed,  and  that  up  to  soae  point,  the 
greater  the  selection  the  better  the  design  will  be,  then 
counting  the  nuaber  of  those  alternatives,  and  using  it  as  a 
aultiplicative  factor  will  yield  a  proxy4  aeasureaent  of  the 
quality  of  the  design. 

Critics  would  point  out  that  this  type  of  aeasure¬ 
aent  penalizes  the  good  designer  who  produces  high  quality 
work  with  a  ainiaua  nuaber  of  alternatives  and  rewards  a 
poor  designer  who  explores  an  exorbitant  nuaber  of  alterna¬ 
tives  and  produces  good  work.  It  can  be  argued,  however, 
that  the  poor  designer  working  on  the  systea  will  actually 
iaprove  his  skills  as  he  is  able  to  rapidly  discard  poor 
alternatives  and  explore  new  ones.  In  a  very  short  period 
of  tiae,  he  will  have  reinforced  the  good  design  skills  and 
be  pursuing  those  alternatives  he  has  learned  will  be  bene¬ 
ficial.  He  is  now  at  the  level  of  the  good  designer  who 
will  use  the  capabilities  of  the  systea  to  be  innovative. 
Innovation  in  design  is  where  real  gains  in  productivity  and 
other  long  tern  non-quantif iable  benefits  are  reaped  in  the 
total  design,  aanufacture  and  aaintenance  process.  For 
those  reasons,  counting  the  alternatives  explored  is  a 
siaple  but  representative  way  to  quantify  quality.  This 
applies  aore  directly  to  CiD;  however,  in  the  aanufacturing 
environaent  there  is  a  certain  aaount  of  design  work 
perforaed  that  would  be  applicable. 


♦Proxy  in  this  sense  naans  an  artificial  aeasure  used  to 
Silectly*  an  actaal  quantity  that  cannot  be  quantified 


2.  Flexibility 


The  second  key  eleeent  to  CAD/CAfl  product  ivty  is  the 
ability  to  rapidly  change  an  existing  design  for  a  new 
application.  The  aodel  thus  far  developed  deals  with  pure 
design  and  the  resulting  drafting  applications.  He  will  now 
look  at  the  time  benefit  gained  froa  computerized  design 
within  an  existing  "faaily"  of  designs. 

The  existence  of  the  "family"  of  parts  and  their 
engineering  data  base  allows  instantaneous  entry  and  revi¬ 
sion  of  the  particular  faaily  aeaber.  Using  annual  techni¬ 
ques,  the  drawing (s)  and  analysis  data  aust  be  reviewed, 
sketches  drawn  and  when  the  change  is  finalized  a  new  set  of 
drawings  and  engineering  analysis  data  generated.  using 
paraaetric  methods,  a  faaily  aeaber  can  be  selected,  parame¬ 
ters  changed  as  required,  analysis  performed  and  drawings 
generated  in  a  seai-autoaat  ic  interactive  node  which  should 
be  much  faster  than  annual  methods  currently  in  use. 

3.  1££JK1£Z 

The  third  key  element  to  CAD/CAfl  productivity  is  in 
the  area  of  accuracy.  Designs  produced  on  the  Interin 
CAD/CAfl  system  should  have  fever  errors  because  of  the 
reduced  opportunity  for  the  huaan  eleaent  to  nake  then. 
Conversion  of  the  error  rate  as  a  measure  of  accuracy  to  the 
coaaon  denoainator  of  tine  is  accomplished  by  taking  the 
tiae  spent  correcting  errors  using  aanual  techniques  and 
subtracting  froa  that  the  tiae  spent  correcting  errors  using 
the  Interim  CAD/CAB  system. 

The  fourth  eleaent  in  CAD/CAB  productivity  deals 
with  the  aass  storage  and  retrieval  aspects  of  an  Interin 
CAD/CAfl  System.  Present  technology  storage  systems  usually 


involve  cataloging  scae  sort  of  aicrofora.  Praparation  of 
this  aicrofora  is  usually  done  at  the  user  site.  Then,  it 
is  shipped  to  the  storage  facility.  Present  technology 
offers  a  variety  of  says  of  transferring  a  digital  data  base 
to  a  storage  facility.  The  data  can  be  read  to  a  aagnetic 
tape  or  optical  disk  and  shipped,  or  a  direct  link  froa  the 
user's  computer  to  the  storage  computer  via  satellite  or 
phone  line  can  be  established  and  the  data  passed.  This 
aethod  affords  the  opportunity  of  real-time  updating,  thus 
bypassing  the  problea  of  the  archive  aaintaining  the  correct 
revision  of  the  design. 

5 .  Autoaizatign 

The  fifth  key  elaaent  *  can  be  quantified  as  the 

difference  bet seen  the  tiae  taken  to  generate  a  nuaerical 

control  tape  using  annual  aethods  and  the  tine  taken  to 
generate  a  nuaerical  control  tape  using  an  Interin  CAD/CAH 
Systea.  Both  tiaes  should  reflect  prograaaing,  validation 
and  run  tiaes  to  capture  the  tiae  benefit  gained  by  optiaal 
cutter  path  routing. 

6.  Si aula ti on 

The  sixth  key  eleaent  can  be  quantified  as  the 

difference  in  the  tiae  required  to  design,  construct  and 

utilize  3-D  aodels  or  sock- ups  for  installation  and  general 
configuration  analysis,  and  the  tiae  to  design,  construct 
and  utilize  the  saae  configuration  digitally  on  the  Interia 
CAD/CAH  Systea. 

Present  annual  aethods  of  configuration  analysis 
involve  the  dockside  creation  of  full  scale  wood  nock- ups 
followed  by  insertion  of  the  various  new  components  to  check 
if  they  can  be  installed  as  desired.  The  CAD/CAH  systems 
ability  to  generate  3-D  aodels  provides  a  tool  to  simulate 
the  environaent  and  the  component  insertion  without  full 
scale  aock-up  construction. 
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Quantifying  these  six  key  elements  in  the  generic 
aodel  is  accomplished  by  quantifying  each  element  individu¬ 
ally  and  then  siaply  suaaing  to  get  the  total  benefit  froa  a 
given  project.  The  first  eleaent  is  represented  by  equation 
5.3: 


TB,»  (Mt-MA)-((Sj-SA)-E,)  (e«»  5.3) 


where 

TBt -Total  benefit  froa  the  quality  element, 

H.*Estiaate  of, the  tine  spent,  on  a  project  using 
1  annual  techniques  in  pure  design, 

HA«The  number  of  alternatives  explored  using  manual 
techniques, 

S.  »The  tiae  required  to  coaplete  pure  design  aspects 
1  of  the  project, 

SA«The  nuaber  of  alternatives  explored  on  the  cad/cam 
system,  and 

E.  «The  aeasure  of  user  efficiency  in  pure  design  on 
1  the  system  COSE^UO). 
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To  represent  the  remaining  eleaents  the  generic  framework  is 
simply  subscripted  (i#1) : 


TB,*  M,-(Si  El)  («qn  5.«) 

for  i* 

2:  Flexibility 
3:  Accuracy 
4:  Transferability 
5:  Autosization 
6:  Simulation 

TBj  *Total  benefit  frca  the  ith  element, 

B> * Estimate  of  the  time  spent  on  a  project  using  manual 
techniques  in  element  i  activity, 

S:  »The  time  required  to  complete  element  i  activity  of  the 
project,  ana 

E:  «The  measure  of  user  efficiency  in  element  i  activity  on 
1  the  system  (0<E£1.0). 


Adding  across  the  elements  provides  the  total 
project  benefit,  (TPE): 


TPB  *  (eqn  5.5) 

alii 


A  data  reduction  scheme  shoving  the  subsets  is  shown  by 
Figure  5.4. 


62 


Figaro  5.*  Data  Induction  With  Subsets  Included 
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It  can  be  seen  that  productivity  ratios  can  be 
developed  for  each  eleaental  activity  as  veil  as  the  aggre¬ 
gate  ratio  for  the  entire  project.  This  provides  a  manage¬ 
ment  tool  for  monitoring  productivity  in  each  project  as 
well  as  the  much  needed  [Bef.  16:  pp.  1]  verification  of 

the  venders'  claims  tc  productivity  gains  available  from  the 
CAD/C  AH  system.  This  ratio  can  then  be  used  in  standard 

economic  analysis  procedures  to  estimate  dollar-savings,  and 
hence  return  on  investment,  payback  periods,  etc.,  required 
in  the  acquisition  process. 

A  possible  embellishment  of  the  model  vould  be  the 
inclusion  of  an  estimate  on  the  standard  deviation  of  H, 
which  is  the  estimate  of  the  total  project  time  using  manual 
techniques.  This  can  be  accomplished  by  talcing  the  differ¬ 
ence  of  the  ninety- fifth  percentile  estimate  and  the  fifth 
percentile  estimate  of  the  time  required  for  the  project, 
and  dividing  it  by  3.2  [Bef.  21].  This  will  give  a  rough 
cut  at  the  standard  deviation  which  can  be  squared  to  get 
the  variance  estimate.  Zf  one  were  to  use  the  estimated 
time  to  accomplish  the  project  manually,  the  upper  estimate 
(■*•1  standard  deviation)  and  the  lover  estimate  (-1  standard 
deviation)  as  three  points  in  the  data  reduction  scheme,  the 
user  would  end  op  with  three  productivity  ratios.  This 
represents  the  high,  mean  and  low  levels  of  productivity  one 
might  expect. 


G.  IITAKIBLE  BE1EFIT  ANALYSIS 


Thus  far  we  have  attempted  to  quantify  the  first  nine  of 
the  twenty  benefits  listed  in  Table  III.  Those  benefits  and 
their  respective  quantifying  element  (s)  were: 

1.  Increased  productivity  (reduce!  man-hours  to  accomplish 
task)  through  automation  of  repetitive  time-consuming 

‘  *  QUALITY ,  FLEXIBILITY,  ACCURACY 

2.  Increased  productivity  through  the  ability  to  rapidly 
produce  a  assign  from  existing  generic  element  designs; 

FLEXIBILITY 


3.  Increased  productivity  through  the  ability  to  rapidly 
edit  existing  designs: 

QUALITY,  FLEXIBILITY ,  ACCURACY 

4.  Increased  productivity  through  automated  numerical 
control  tape  or  API  source  code _ generation; 


5.  Inc 
arc 


A  OTOHIZATIO 
oductivity  throng 


Has?!  productivity  through  easi 

ved  drawings  represented  digitally; 

fR ANSFERIBILlTY 


tier  access 


>.  Increased  productivity  through  computer  generated  3-D 
modeling  for  installation  and  general  configuration 


analysis; 


SIHULATIOH 


7.  Better  .quality.  designs  through  improved  designer 
creativity  provided  by  the  man* machine  interface; 

QUALITY 

8.  Better  quality  drawings,  fewer  errors,  more  standard¬ 
ization; 

ACCURACY 

9.  Hore  optimal  layouts ,  (flat  pattern)  resulting  in 
reduced  waste  and  cutting  time: 

A  UTOHIZATIOH 

Soee  of  the  benefits  are  only  partially  represented. 
For  example,  benefit  nine  also  includes  wreduced  waste," 
which  is  not  captured  by  the  time  difference  in  automization 
while  reduced  cutting  time  is.  The  remainder  of  this 
chapter  will  be  devoted  to  discussing  the  remaining  benefits 
in  Table  III. 

1*  ggthltt&lM  2i  B£Siaa>  Methods 

Benefit  number  ten,  "the  increased  productivity 
resulting  from  a  rethinking  of  the  way  elements  are 
designed,"  is  in  reference  to  the  use  of  a  common  engi¬ 
neering  data  base,  in  digital  format,  that  can  easily  be 
shared  between  design,  manufacture  and  maintenance  activi¬ 
ties.  Design  problems  can  be  quickly  identified  by  manufac¬ 
turing  engineers  and  easily  corrected.  Fleet  user 
suggestions  can  also  be  incorporated  much  faster.  This 
interaction  between  designer,  manufacturer  and  user  is  one 
of  the  primary  long  range  benefits  of  a  CIDBti  system.  Today 
with  the  Interim  CAD/CAH  System  the  interaction  is  generally 
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confined  betweeen  designer  and  manuf acturer.  However,  this 
is  an  iaproveaent  to  the  previous  poor  state  of 
coaaunication. 

The  quantification  of  rethinking  design  methods 
could  be  accoaplished  by  surveying  designers,  manufacturers 
and  users  as  to  their  impressions  of  what  communication 
between  groups  is  or  could  be  like  with  the  Interim  CAB/CAH 
System.  Questions  like,  "do  you  see  an  improvement  in 
information  flow  occuring  between  design  and  manufacturing 
activies  resulting  from  the  Interim  CAD/CAH  equipment?" 
could  be  used  to  gather  data  on  the  expected  level  of  infor¬ 
mation  exchange.  This  is  a  reasonable  measure  since  user 
expectations  would  probably  tend  to  occur.  For  example,  if 
the  users  expect  the  system  to  fail,  it  probably  will.  This 
is  the  argument  of  the  self-fulfilling  prophecy. 

2.  321*  £££&  Scheduling 

Benefit  number  eleven,  "the  increased  productivity 
in  maintenance  areas  (rework,  overhaul)  through  more  effi¬ 
cient  work  scheduling  and  reduction  of  redundant  and/or 
interfering  operations,"  refers  to  the  problems  associated 
with  different  workshops  all  accomplishing  their  work  from 
each  individual  shop*s  original  drawings.  For  example,  the 
air  conditioning  shop  is  tasked  with  installing  a  new 

compressor  in  a  space.  To  install  it,  they  have  to  cut  a 

hole  in  the  deck  to  lever  it  into  the  space.  They  finish 
installing  it  and  weld  the  deck  plate  back  into  place.  One 
week  later  the  hydraulic  shop  wants  to  put  a  hydraulic  pump 

in  the  space  and  has  to  also  cut  a  hole  in  the  deck.  This 

redundant  activity  cculd  have  been  avoided  if  both  shops  had 
daily  access  to  the  latest  changes  to  the  space.  This 
access  is  easily  accoaplished  through  the  use  of  a  ccamon 
engineering  data  base.  Hanagers  would  have  a  means  of 
tracking  and  thus  coordinating  the  work  effort. 


The  quantification  of  sore  efficient  work  scheduling 
coaid  be  accoeplished  by  a  survey  of  nanageaent  to  see  if 
they  believed  having  a  daily  viev  of  the  work  proposed  or  in 
progress  vould  be  useful  in  their  scheduling  tasks. 
Questions  like  "do  you  see  an  iaproveaent  in  productivity 
resulting  froa  your  ability  to  track  or  project  the  actual- 
changes  cccuring  in  a  space  froa  your  office  on  a  daily 
basis?"  could  be  used  to  gather  data  on  aore  efficient  work 
scheduling  resulting  froa  the  CAD/CAB  systea. 

3.  issfealsal  Publication  Changes 

Eenefit  number  twelve,  "the  increased  productivity 
through  autoaated  technical  publication  and  other  docuaenta- 
tion  authoring  and  updating,"  deals  with  the  Interin  CAD/CAB 
Systeas  capability  tc  update  fleet  technical  publications  in 
alaost  real-tiae,  instead  of  the  nonths  it  currently  takes, 
"update,"  in  this  sense,  referring  to  text  and  illustration 
changes.  The  benefit  as  it  would  be  realized  with  the 
Interia  CAD/CAB  Systea  would  be  the  reduced  tine  required  to 
transfer  the  latest  engineering  drawings  to  the  publishing 
agency  for  incorporation  into  the  appropriate  reference 
aanuals  and  other  technical  publications.  The  greatest 
realization  of  benefit  would  occur  on  the  publishers'  end, 
where  they  would  be  able  to  instantly  access  the  digitized 
drawings,  edit  the  a  fcr  appropriate  figure  layout,  and  print 
then.  This  would  require  then  to  have  a  coapatible  CAD 
systea,  but  I  subait  that  if  the  digital  drawings  were 
available,  it  would  not  be  long  before  the  publishing  agen* 
cies  gained  the  ability  to  use  that  data. 

Quantification  of  the  tiae  savings  could  be  done  as 
a  tangible  benefit  to  the  Navy  but  would  not  specifically 
apply  to  the  Naval  Shipyards.  Bhat  does  apply,  though,  is 
the  shipyards  ability  to  rapidly  issue  engineering  changes 
to  the  fleet  user  and  begin  receiving  feedback  froa  thea. 


Quantification  of  these  types  of  benefits  could  be  accca- 
plished  through  survey  of  the  users  with  questions  like  "do 
you  anticipate  a  shorter  tiae  delay  in  iapleaenting  design 
and  engineering  changes  into  the  technical  publications  as  a 
result  of  the  digitized  data  base  and  Interia  cad/cam 
Systea?"  A  follow-up  guest  ion  to  see  if  a  productivity  gain 
is  not  foreseeable  with  the  Interia  CAD/CAB  Systea,  but  is 
forseeable  with  the  iapleaentation  of  a  Navy  wide  CAD/CAB 
systea  could  be  "do  you  anticipate  a  shorter  tine  from 
design  and  engineering  change  to  technical  publication 
incorporation  of  these  changes  resulting  froa  a  coapatible 
Navy-wide  CAD/CAB  capability?" 

4.  la proved  Accuracy  ifi  Fabrication 

Benefit  number  thirteen,  "better  accuracy  in  eleaent 
fabrication  resulting  in  reduced  asseably  tiae,"  deals  with 
the  increased  accuracy  in  fabrication  and  hence  the  iaprove- 
aent  in  fit  of  all  the  parts  when  assembled.  This  is  alnost 
a  quality  assesaent  on  the  manufacturing  side  of  the  CAD/CAB 
relationship.  This  could  be  quantified  with  the  tangible 
generic  framework  if  applied  to  a  asseably  line  type  of 
activity.  The  shipyards,  however,  deal  with  "one  of  a  kind" 
manufacturing  and  repair,  requiring  a  more  subjective 
assessment  of  how  well  things  designed  and  aanufactured  on 
the  CAD/CAB  systea  go  together. 

Questions  such  as  "have  you  noticed  an  increased 
quality  of  fabricated  parts  and  finished  products?"  followed 
by  "do  you  attribute  this  wholely  or  at  least  in  part  to  the 
iapleaentation  of  the  Interia  CAD/CAB  Systea?"  Clearly  the 
people  who  are  trying  to  fit  Plate  A  and  Plate  B  together 
with  Plate  C  will  have  an  opinion  on  the  accuracy  of  the 
manufacture  of  those  pieces. 
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s.  &j£  niiaza  Basis  Bsfefcaag 


Benefit  nueber  fourteen*  "the  increased  manpower 
available  to  refine  and  ie prove  work  methods,"  deals  with 
the  ability  of  the  users  of  the  Interim  CAD/CAB  System  to 
convert  their  new  found  spare  tine,  if  any,  into  improved 
work  methods  in  areas  not  adaptable  to  CAD/CAH  use,  or  in 
areas  where  innovative  application  of  the  technology  could 
be  beneficial.  Healization  of  this  benefit  will  directly 
depend  on  the  attitude  of  the  users  toward  the  system  and 
their  ability  to  use  some  of  the  "spara  time"  for  innovative 
activities.  Both  of  these  elements  will  depend  on  how 
management  has  implemented  the  CAD/CAB  system  in  the  work¬ 
place.  This  benefit  could  be  quantified  through  counting 
the  increase  or  decrease  in  suggestions  submitted.  However, 
this  is  somewhat  unreliable,  and  nay  not  have  any  bearing  on 
the  C  AO/C  AH  system.  A  method  that  would  work  for  measure¬ 
ment  of  attitudes  is  again  the  survey  of  all  users  and 
benefactors  of  the  system.  Questions  like  "are  there  any 
work  methods  that  you  have  contemplated  improving  but  have 
not  had  the  time  to  follow  them  through?"  followed  by  "do 
you  think  any  time  savings  you  realize  would  be  applied  to 
improving  those  previous  identified  work  methods?",  and 
finally,  with  an  explanation,  "if  not,  why  not?"  Here  you 
would  have  an  indication  of  a  desire  to  change  something  for 
the  better,  an  indication  of  time  savings  resulting  from  the 
CAO/CAH  system,  an  indication  of  management's  implementation 
policies,  and,  finally,  an  indication  of  exactly  what  the 
problem  with  management  of  the  assets  might  be. 

Care  should  be  exercised  in  quantifying  this  benefit 
to  avoid  double  counting  the  time  savings.  This  tine  savings 
has  been  previously  identified  as  a  tangible  benefit.  The 
savings  identified  in  this  section  would  have  to  be 
subtracted  from  the  savings  previously  defined  in  equations 


5.1  through  5.4 ,  before  reporting  the  total  tiae  savings 
resulting  froa  the  CAD/CAN  systea.  in  alternate  vay  to 
resolve  this  doable  coasting  conflict  would  be  to  assaae  the 
tiae  spent  refining  and  iaproving  work  aethods  using  annual 
design  and  aanufac taring  technigues  would  be  the  saae  as  the 
tiae  spent  using  a  CAD/CAB  systea.  since  they  are  assuaed 


equal,  the  benefit  would  not  be  tiae  savings,  but  would  be 
the  contribution  of  "better"  work  aethods  brought  about  by 
the  use  of  a  "better"  tool,  the  CAD/CAH  systea,  with  which 
to  analyze  the  existing  work  aethods.  Just  as  one  can  build 


r.'< 


a  house  with  an  axe,  a  "better"  house  can  be  built  using 
power  tools.  The  new  tools  aid  in  the  definition  of  the  new 
aethods  that  result  in  a  "better"  house. 


6.  £giiaai£atiaa/S9b«gl;sasg§ 


Benefit  nuaber  fifteen,  iaproved  coaaunication  in 
the  organization  which  results  in  organizational  cohesive¬ 
ness  deals  with  the  iaproved  coaaunication  and  interaction 
of  the  design,  aanufacturing  and  aaintenance  users  auch  as 
benefit  nuaber  four  did,  but  this  tiae  the  benefit  to  be 
aeasured  is  not  the  free  exchange  of  ideas  but  the  user 
satisfaction  which  leads  to  organizational  unity  and  cohe¬ 
siveness.  As  it  applies  to  the  Interin  CAD/CAB  Systea,  we 
could  seek  to  aeasure  the  job  satisfaction  generated  by  a 
reduction  in  frustration  caused  by  "everyone  pot  working  on 
the  saae  plan."  This  also  relates  to  benefits  reaped  froa 
iaproveaents  in  work  scheduling,  nuaber  six. 

Quantif icaticn  of  job  satisfaction  is  a  aajor  topic 
in  aany  practical  psychology  books  and  is  sonetiaes 
addressed  under  the  subheadings  "teaawork"  and  "aorale." 
Oopico  [Bef.  17:  pp«  48,  51]  develops  a  nuaber  of  questions 
under  both  headings  that  gives  an  indication  of  the  user's 
feelings  about  his  satisfaction  with  the  organization  and 
his  role  as  a  user  of  the  CAD/CAH  systea. 
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7.  jaaiasaiiaa  I21 


Management 

Benefit  naeber  sixteen,  "establishment  of  a  common 
engineering  data  base  for  use  in  construction  and  management 
of  ships  over  their  lifetimes, M  deals  vith  the  long-range 
benefits  to  be  derived  from  a  common  engineering  data  base 
created  at  initial  design,  utilized  in  construction,  rework 
and  overhaul,  and  day  to  day  maintenance  on  the  ships.  This 
benefit  is  the  cornerstone  of  the  3IDHH  concept  but  is  also 
applicable  now  as  the  Navy  begins  to  use  CAD/CAM  in  its 
initial  design  efforts.  This  is  a  subjective  assessment  of 
future  benefits  perceived  as  accruing  from  this  digital  data 
base  made  possible  by  CAD/CAM.  This  would  include  things 
such  as  increased  readiness  through  shortened  overhaul  time. 
There  is  a  problem  here  though,  in  that  those  most  capable 
of  assessing  the  benefit  of  a  common  data  base  e.  g. , 
Shipyard  Commanders,  or  Fleet  Commanders,  may  not  be  versed 
in  the  capabilities  of  the  CAD/CAH  system,  while  those  well 
versed  in  CAD/C AH's  capabilities  are  not  versed  in  the 
effect  of,  say,  a  20 %  reduction  in  overhaul  time  on  fleet 
readiness.  With  a  little  imagination  though,  I  think  ques¬ 
tions  could  be  developed  that  when  posed  to  both  groups,  the 
fleet  benefactors  and  the  Shipyard  CAD/CAM  users,  could  be 
subjectively  analyzed  to  give  an  indication  of  these  types 
of  benefits  (readiness  just  being  one  example). 

a-  flaal&i  at  Ssaiaassi&a  zazaa aaal 

Benefit  number  seventeen,  "attracting  and  main¬ 
taining  quality  engineering  personnel,"  deals  with  the 
benefits  accrued  from  maintaining  a  trained  engineering 
workforce  as  well  as  attracting  new  personnel.  In  the  O.s. 
today,  there  is  a  shortage  of  engineering  personnel. 
"Colleges  and  universities  are  not  training  enough  new  grad¬ 
uates  in  the  needed  time  frame"  [Bef.  3:  pp.  49].  with  the 
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engineering  job  aarket  as  coapetitive  as  it  is  and  the 
governaent's  traditionally  low  pay,  U.S.  Haval  Shipyards 
will  not  stand  a  chance  at  any  of  the  "best  a&d  the 
brightest"  engineers  unless  they  can  offer  an  opportunity  to 
work  with  the  latest  technology  in  the  engineering  sciences. 
A  aore  troubling  aspect  of  the  problea,  is  the  retention  of 
gualified  personnel  who  have  developed  an  expertise  in  U.S. 
Haval  Ship  design,  const  ruction,  repair  and  overhaul.  The 
U.S.  Savy  siaply  cannot  afford  to  loose  this  cadre  of 
personnel.  This  is  not  to  iaply  that  asking  the  coaaitaent 
to  CAD/CAH  will  ensure  a  steady  stress  of  engineers,  or  the 
retention  of  existing  personnel,  but  I  think  it  is  one  of 
the  aost  iaportant  and  aost  overlooked  benefits  associated 
with  CAD/CAH. 

Quantification  of  the  benefit  is  again  through  a 
survey  of  all  the  users.  Questions  like  "is  it  iaportant  to 
you  to  work  for  an  organisation  that  is  a  leader  in  your 
technical  field?",  cr  "is  (was)  the  Havy(s  involveaent  in 
CAD/CAH  a  factor  in  your  decision  to  stay  with  (or  to  join) 
the  U.S.  Havai  Shipyard  Engineering  force?"  would  give  soae 
indication  as  to  how  iaportant,  froa  a  huaan  resource  point 
of  view,  it  is  for  the  Havy  to  pursue  CAD/CAH. 

D.  OTflEB  BBIEFITS 

This  section  deals  with  the  reaaining  benefits  froa 
Table  III  that  do  not  seen  to  fit  into  the  tangible  aeasure- 
aent  fraaework,  or  the  intangible  survey  fraaework.  Each 
benefit  will  be  discussed  and  an  appropriate  quantification 
aethod  suggested. 

1.  etflastfl  Wastes 

This  benefit  deals  with  the  reduction  of  waste 
aaterial  generated  froa  flat  pattern  cut-outs.  The  use  of 
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pattern  layout  optimization  programs  and  numerically 
controlled  flaee  cutting  techniques  should  reduce  the  anount 
of  scrap  produced.  Quantification  is  relatively  easy,  by 
eeasuring  the  aeount  of  waste  eaterial  generated.  This 
aeount  can  be  converted  to  a  "percent  waste”  which  can  be 
coapared  to  previous  waste  data  for  an  indication  of  waste 
reduction. 

2.  Han  power /Workload  fluctuations 

The  next  benefit  discussed  deals  with  the  proverbial 
problee  of  "crisis  aanageaent” — the  probleas  of  unantici¬ 
pated  work  associated  with  impossible  deadlines.  The  result 
of  this  unanticipated  tasking  is  a  lot  of  overtine  labor  and 
"farming-out"  of  projects  that  cannot  be  accoaplished  inter¬ 
nally.  i  reduction  in  overtiae  would  save  aoney  as  would  a 
reduction  in  the  nuaber  of  fara-outs. 

Quantification  of  the  benefit  can  be  accoaplished  by 
counting  the  nuaber  and  coat  of  the  projects  famed  out  as 
well  as  the  amount  of  overtiae  being  generated.  The  cost  of 
fara-outs  will  have  to  be  corrected  to  some  base  year 
dollars,  but  once  that  is  done  it  will  give  an  indicator  in 
dollars  of  iaproveaents  in  fara-out  reduction.  K  useful 
statistic  can  be  found  by  counting  the  number  of  fara-outs 
in  a  fixed  tiae  fraae  and  then  dividing  that  by  an  index 
project  load.  in  exaaple  would  be  fara-outs  per  year  per 
100  projects  which  would  reflect  the  influence  of  workload 
in  the  decision  to  fara-out. 


3-  £uj£  SI li 1b align 


This  benefit  siaply  addresses  the  gain  in  floor 
space  attributable  to  the  digital  storage  of  drawings 
instead  of  the  current  methods.  This  will  have  the  largest 
effect  on  the  archiving  facilities  as  their  current  micro 
fora  storage  is  replaced  by  magnetic  tape,  hard  disk,  or 


optical  disk  aediuas.  At  the  Shipyard  level  the  benefit 
will  also  be  in  square-foot  savings,  but  on  a  each  smaller 
level.  I  suspect  any  initial  savings  in  storage  will  be 
offset  by  the  space  requireaents  of  the  CAD/CAB  systea. 
Quantification,  if  desired,  can  be  accoaplished  with  a 
siaple  relationship  that  yields  storage  space  required  as  a 
function  of  the  nuaber  and  size  of  the  drawings  to  be 
stored. 

4.  its  Cutting  Edge  o£  Technology 

This  benefit  deals  with  the  advantages  gained  by  an 
organization,  in  this  case  the  Havy,  froa  being  a  leading 
force  in  a  technology.  The  aost  graphic  exaaple  of  this 
advantage  coses  froa  the  civilian  computer  market  with  the 
IBB  Corporation.  There  is  little  doubt  that  IBB  is  a 
leading  force  in  coaputer  technology.  Because  of  this  lead¬ 
ership,  there  is  a  great  deal  of  interest  by  smaller  compa¬ 
nies  software  vendors,  peripheral  manufacturers,  etc.,  to  be 
"IBB  compatible."  IBB,  through  their  leadership,  has  in 
effect  created  the  defacto  standard  that  others  follow. 

As  was  presented  earlier,  the  U.S.  Navy  has  a  vested 
interest  in  the  CAD/CAB  technology  and  the  direction  the 
shipbuilding  industry  including  re pair /rework/over haul  is 
proceeding  in  this  country.  If  the  Havy  hopes  to  influence 
that  direction  in  their  best  interests,  they  will  have  to  be 
a  leader  in  the  field.  The  areas  of  the  technology  that 
have  already  been  identified  to  be  in  the  Navy's  best 
interest  are:  [Hef.  22:  pp.  20] 

1.  interoperability 

2.  Interchangeability 

3.  Pef acto  standardization 
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4.  Electronic  transference  of  all  data* 

engineering  date  throughout  the 

Cole  and. 

a)  shipyards  (public  and  private) 

b)  contractors 

c)  Ordnance  Labs 

d)  I aval  acadenia  (DSHA,  BPS) 

e)  All  Systems  Cos  sands 

f)  Potentially  all  Havy 

Quantification  of  this  benefit  cannot  be  accom- 
plished  vith  seasureaents  or  surveys  as  it  is  siaply  too 
broad  a  concept  to  pin  down.  It  sust  be  left  up  to  the 
reader  at  this  point  to  visualize  the  entire  technology* 
CAD/C AH  today*  CXDBH  tomorrow*  and  in  his  or  her  own  mind 
realize  the  tremendous  potential  presented. 

1.  SOBBABY 

I  hope  that  in  this  chapter  you  have  seen  the  pieces  of 
a  methodology  designed  to  seasure  the  benefits  from  the 
Interim  CAD/CAB  System  as  well  as  a  method  that  could  be 
extended  to  measure  the  benefits  of  future  developments  in 
the  technology.  The  next  chapter  will  put  the  pieces 
together  in  a  formal  statement  of  the  methodology  and  how  it 
can  be  applied  to  the  current  shipyard  environment. 


initia  lly 
Hater lal 


▼  Z.  P01BAL  METHODOLOGY 


A.  OVZBYZEV 

The  preceeding  chapter  defined 
aethod.  This  chapter  will  pat 
resulting  in  a  sort  of  "road  aapN 
user  vould  iapleaent  the  aethod. 
sethod  has  three  distinct  parts: 


the  pieces  of  Grahlaan's 
those  pieces  together 
that  describes  hoe  the 
As  stated  before,  the 


1.  Tangible  Benefit  Analysis  Using  The  Generic 
Fraiework 

2.  Intangible  Benefit  Analysis 

3.  "Other”  Benefit  Analysis 


Bach  part  has  its  oun  data  collection  and  analysis  techni¬ 
ques  which  Mill  be  detailed  in  this  chapter. 

B.  TABGIBLE  BB1BFXT  AE  ALTS  IS  OSZHG  THE  GEIEBIC  PBABEHOBK 


1  ' 
I . 


1  •  Data  Collection 


The  generic  sodel  developed  for  quantification  of 
the  tangible  benefits  requires  an  estisate  of  the  tine  it 
takes  to  accoeplish  the  project  using  aanual  techniques.  In 
addition  to  this  point,  estimates  of  the  longest  (95th 
percentile)  and  shortest  (5th  percentile)  possible  tines  are 
required  to  establish  an  approximation  of  the  standard  devi¬ 
ation  of  the  original  estiaate.  These  estimates  should  be 
aade  by  the  person  aost  faailiar  with  the  project  require- 
aents  and  aost  faailiar  vith  the  tine  required  to  accoaplish 
the  project  using  annual  techniques.  This  person  is  aost 
likely  the  shop  supervisor.  An  alternative  to  this  esti- 
aating  aethod  vould  be  to  use  the  Computer- Aided  Time 
Standards  System,  which  is  designed  around  the  the  Defense 
Bork  Heasureaent  Standard  Tine  Data  (DBHSTD)  (Hef.  23]. 


This  contains  tiae  estiaates  for  accomplishing  various 
tasks.  A  total  project  estiaate  could  be  determined  by 
combining  the  estiaates  of  its  composite  tasks.  It  is  this 
authors  belief  though,  that  the  shop  supervisor's  estimate 
would  be  aore  accurate.  Unfortunately,  no  data  currently 
exists  tc  substantiate  that  belief. 

Further  refineaent  of  the  productivity  information 
into  the  six  key  areas  identified  would  require  the  indi¬ 
vidual  user a  to  aake  their  own  estiaates  of  the  tiae 
required  to  accomplish  the  particular  task  annually.  High 
and  low  estiaates  could  also  be  Bade  and  standard  deviations 
computed. 

Either  method  of  estimating  the  annual  tiae  could  be 
used  depending  on  the  user's  goals  for  the  benefit  analysis. 
For  the  Harch  1984  Naval  Hateriel  command  Report,  the  first 
aethod  is  probably  adequate.  Actual  collection  of  the  tiae 
estiaates  in  either  case  could  be  accomplished  automatically 
by  responding  to  programmed  query  by  the  system  at  log-on  or 
by  a  data  collection  fora  that  would  accompany  each  project. 

Collecting  the  actual  system  tiae  required  to 
complete  the  project  can  be  done  automatically  within  the 
system.  ihen  a  user  logs  onto  the  system,  the  project  and 
nature  of  the  session,  e.g.,  error  checking  and  correcting, 
can  be  recorded  providing  a  means  of  collecting  data  under 
the  beading  "Accuracy."  At  log-off,  the  system  can 
automatically  perform  the  required  accounting 
of  user/pro ject/ subset  information.  Again,  the  subset 
information  is  nice  to  have,  but  not  essential  to  the  actual 
productivity  measurement.  Thus  far,  we  have  the  four  pieces 
of  data  required  to  use  the  data  reduction  scheme  for  deter¬ 
mining  the  uncorrected  tiae  savings  per  project.  Use  of  the 
data  reduction  scheme  will  be  detailed  in  the  next 
subsection. 
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Improvements  In  system  utilization,  teak  prioritizing,  and 
staff  organization,  as  wall  as  from  new  software  and 
hardware  features  that  allow  the  system  to  handle 
additional  tasks. 


To  determine  the  corrected  tine  savings,  a  user 
efficiency  factor  aust  be  deterained.  This  is  accomplished 
with  the  user  learning  curve  data  supplied  by  the  vendor. 
In  the  case  of  the  Interia  CAD/CAfl  System,  that  would  be 
Computer  vision.  In  ay  research  I  was  unable  to  obtain 

specific  data  upon  which  Computer vision  based  their  CAD 
systca  learning  curve.  Figure  6.1  [  Bef .  24].  Although  not 
accurate  enough  to  be  used,  it  shows  the  general  shape  of 
CAD/CAH  learning  curves.  As  shown  in  the  figure,  operator 
skill  (efficiency)  is  a  function  of  experience  (tiae)  on  the 
system.  This  relationship  can  be  described  mathematically 
and  once  deterained,  can  be  used  to  compute  the  desired 
efficiency  correction  factor.  Collection  of  this  data  can 
either  be  done  annually  with  the  project  data  sheet  or 
autoaatically  by  the  system. 

2.  isaiisis 

Analysis  of  the  time  data  is  accomplished  through 
the  data  reduction  schemes  previously  shown.  The  first 
scheme  discussed  is  shown  in  Figure  5.3.  In  it,  the  time 
spent  on  a  project  per  week  per  user  is  tracked  across  the 
duration  of  the  project.  Also  available,  but  not  required 
for  the  computation  of  tiae  saved,  is  system  utilization 
data.  At  any  stage  cf  the  project  the  time  spent  per  user 
can  be  computed  by  summing  that  user's  account  on  the 
project  to  date.  To  compute  the  corrected  tiae  spent,  each 
week's  tiae  aust  be  multiplied  by  the  applicable  efficiency 
factor,  in  parentheses,  before  summing  across  the  weeks  for 
each  user. 

How,  assume  that  the  shop  supervisor  is  the  person 
estimating  the  manual  times.  To  compute  an  estimate  of  the 
standard  deviation  of  the  supervisor's  estimate,  the  95th 
percentile  is  subtracted  from  the  5th  percentile  and  divided 
by  3.2  as  previously  discussed  in  Chapter  5.  The  total 
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systea  tiaa  required  for  the  project  is  found  by  sunning 
across  all  the  users.  This  is  then  subtracted  from  the 
estimated  tiae  to  coaplete  the  project  using  aanual  techni¬ 
ques,  yielding  a  total  tine  savings  for  the  project  and  an 
estiaate  of  its  accuracy. 

At  this  point,  siailiar  projects  are  grouped  into 
application  areas  such  as  2-D  drafting,  piping,  etc.  The 
total  tiae  savings  per  application  is  found  by  summing 
across  all  the  projects  in  the  group.  To  obtain  an  estimate 
of  the  standard  deviation  of  this  total  tiae  savings,  the 
standard  deviations  of  each  project  are  squared  then  summed 
(the  variance  of  a  sua  is  the  sua  of  the  variances  assuming 
independence).  This  sua  is  converted  back  into  a  standard 
deviation  by  taking  its  square  root.  This  technique  can  be 
applied  to  get  the  total  tiae  savings  by  sunning  all  the 
projects  instead  of  by  application  group,  if  desired. 

The  second  scheae  includes  the  subsets  and  is  shown 
in  Figure  5.4.  Data  reduction  is  essentially  the  sane, 
except  each  user  has  potentially  six  subset  accounts  that 
aust  be  tracked.  If  the  user  is  estimating  his  own  aanual 
tines,  each  subset  will  have  an  associated  standard  devia¬ 
tion  estiaate.  The  subsets  are  then  suaned  across  the  users 
to  get  a  total  systea  tine  per  subset.  In  this  way,  the 
result  is  a  total  tiae  savings  per  subset  per  project.  From 
either  tiae  savings  (subdivided  or  aot)  productivity  ratios 
can  be  computed  which  could  be  useful  in  future  economic 
analysis  involving  CiD/Cifl  in  the  shipyard  environment. 


C.  IITA1GIBLB  BRIEF IT  UAL  ISIS 


1.  Data  Collection  and  Analysis 

The  intangible  benefit  data  is  collected  fron  the 
results  cf  a  questicnaire  customized  to  the  shipyard  anvi- 
ronaent.  The  questions  generated  should  cover  the  benefit 
areas  discussed  in  Chapter  5.  The  perceptions  of  the 
benefits  vill  differ  with  different  groups  of  people.  The 
questions  are  grouped  using  the  cluster  analysis  techniques 
described  in  chapter  5  and  Dopico  [Ref.  17].  once  the 
groups  have  been  foraed  and  the  leftover  "other"  benefit 
categories  identified,  analysis  of  the  results  can  begin. 
This  analysis  consists  of  subaitting  the  raw  data  to  a 
boxplot  routine  which  computes  the  aedian  and  quariiles. 
This  information  is  then  displayed  on  a  system  comparison 
plot  siailiar  to  that  found  in  Figure  4.3. 

D.  "OTHER"  HERE  FIT  ASM. ISIS 

1.  Data  collection  and  Analysis 

a.  Tangible  Benefits  Rot-Quantifiable  Using  the 

Generic  Framework 

Data  for  these  benefits  should  be  available 
through  the  appropriate  accounting  branches.  This  data 
should  be  collected  and  analyzed  to  determine  if  any  reduc¬ 
tion  in  waste  material,  farm-outs  or  overtime  in  their 
respective  areas  could  be  attributable  to  the  Interim 
CAD/CAH  System. 

b.  Ron-Quantifiable  and  Intangible  Benefits 

Data  collection  has  already  been  accomplished 
through  the  questicnaire.  Analysis  of  this  data  will 
consist  of  computing  the  means  and  standard  deviations  of 
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the  saaples,  each  question  representing  a  saaple.  These 
statistics  and  their  contribution  to  the  benefits  they 
describe  should  be  thoroughly  discussed. 

At  this  point  in  the  overall  benefit  analysis, 
the  user  of  the  aethodology  could  discuss  any  benefits  not 
previously  discussed.  This  will  generally  be  in  the  fora  of 
subjective  logical  arguaent. 

E.  S0BH1BT 

A  suaaary  of  the  aethodology  is  presented  as  a  flowchart 
shown  in  Figure  6.2.  It  is  the  hope  of  this  author  that  the 
aethodology  presented  will  establish  a  useful  fraaework  for 
the  systeaatic  and  thorough  benefit  analysis  of  not  only  the 
Interin  CAD/CAH  Systea  but  also  future  systens  catagorized 
under  the  acronyn  CIDHM. 
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